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ABSTRACT 

The  Precambrian  Shield  in  northeastern  Alberta  shows  the  effects  of  extensive 
cataclastic  deformation.  The  cataclastic  rocks  are  distributed  along  three  cataclastic 
bands  that  range  up  to  one  mile  in  width  and  at  least  25  miles  in  length.  Seven  cata¬ 
clastic  rock-types  have  been  distinguished  and  classified,  a  maximum  of  five  occur 
within  a  single  band.  Quantitative  data  for  both  the  parent  and  derived  rocks  are 
presented  in  a  study  of  the  genesis  of  this  group  of  rocks. 

Metamorphic  rocks  crystallized  under  conditions  ranging  from  the  upper  am¬ 
phibolite  to  the  hornblende  granulite  facies  during  the  Hudsonian  Orogeny.  During 
the  cooling  history,  cataclastic  deformation  along  confined  movement  zones  grad¬ 
ually  dominated  over  plastic  deformation  and  recrystallization,  consequently,  cata¬ 
clastic  textures  are  preserved  in  these  zones. 

Early  and  late  phases  of  paracrystalline  cataclasis  are  recognized;  during 
the  early  phase,  the  major  cataclastic  bands  were  developed  under  conditions  of 
upper  to  middle  greenschist  facies,  and  in  the  late  phase  of  cataclasis  movement  was 
localized  within  the  existing  cataclastic  bands  under  conditions  of  the  lower  green- 
schist  facies.  Post-crystalline  deformation  under  essentially  non -metamorphic  con¬ 
ditions  gave  rise  to  longitudinal  and  transverse  faults  that  locally  offset  the  major 
cataclastic  bands  and  has  produced  typical  shallow-level  ruptural  phenomena. 

Mineralogical  and  chemical  changes  are  observed  across  the  transitional 
contacts  from  parent  to  derived  rock.  The  mineralogical  changes  reflect  the  pressure- 
temperature  conditions  and  hydrothermal  alteration  during  cataclasis.  Chemical 
changes  are  expressed  as  both  systematic  and  irregular  distributions  of  many  compon¬ 
ents,  particularly  SiC^  and  I^O;  potash  metasomatism  and  boron  metasomatism  were 
likely  effective  in  some  of  the  cataclastic  rocks. 

A  magnetic  susceptibility  study  shows  that  regions  of  high  aeromagnetic  re¬ 
sponse  are  produced  by  a  high  magnetite  content,  and  decreased  magnetic  response  is 


TDAflT2fiA 

sviengtxe  to  ©Hi  ewoHe  DtiodIA  rnsteosHt ;  2  nDiidmDDs-i9  sHT  • 

.i-.tOD  >9iil  qhoId  bstud'iteib  sio  edooi  ^Idc  d  adT  .noitomiot  ;b  oiler  ootco 
-woo  n3  .  rltgnyl  ni  aelirr  dS  teo> I  to  bnc  H  b  a-  ni  alirn  ono  ot  qu  sgnm  tortl  abn.  d 
ioodo  3  'b'  to  mumi>orn  o  vo9iti»eoio  bnD  bsr .  orVib  need  evori  asqyt-bci  oitenlo 
oto  e>i  i  >9v!  b  o  tne  rq  Hi  ■  tct  tctitnouQ  ,bnod  e-’gnh  nidt.'w 

.a  ooi  o  quotg  a  ;  o  aieenog  sHt  .nr  la  o  ni  .  •  Mtq 

-rno  isqqu  sHt  moil  ioi  -•  enoi t: bnoo  isbnc  basillotayio  a>bot  oiriqicinotsM 
:>nhuG  .yragoiO  nr  ••.-.but  oHI  irniiub  a  :?oi  ?:iiunoig  abnsldmori  aHt  ot  artilodinq 
v  Dip  Iran-  voff  ‘von;  'no:  onolo  no  tormotob  oite:  ootoo  .yiotairl  gri'ooo  oHt 

-Dtoo  ,\linoupoenoo  %noH osi Itoteyioei  bno  noitonnotsb  oiteoiq  tevo  bstonimob  yllou 

.  asnos  32  ni  bavisesiq  to  aatutxgt  oiteo!o 
soosL  3O0r  v:  ii<..  toot 00  sni1  tayiooioq  >  92tn  q  e  .|  bno  yHoo 

to  enoitibnoo  tab  j  b^qolsvob  9i9*v  ebnod  oiteol  otoo  lojofn  9H1  x9?oHq  ybo9  nHt 

. 

-nadig  i$wol  iHt  to  enoitibnoo  vtbnu  ebnod  Diiaotaotoo  gnitalxe  arlt  nirltiw  bosilmol 

ic  \  v  ■  i  io  x<!  .  iC *  torvt  etluol  artevenoit  bno  Ionic  1  nci  t  oah  ->vc  am 
.or  tmoneHq  loulqui  tavel-woi  loria  looiqyt  bsoubotq  :orl  rno  ebnod  oiteoiootoo 
•rtc  yrb  eeooo  bsvisecio  sir  eag ooHo  looim©  i  bno  Id;  iqolcnaniM 

^utq  e  -.gnorta  looigolDionirn  9HT  .  >looi  bsviiob  ot  tneioq  moit  atootnoo 

i  •*  !  J  .eianlo  *00  grin  nc  icmtlD  rm  iodtoibyH  b  to  eno  ibnoo  siutmyq 

«  cod  ynom  ‘io  enoii'  c-i  iJu  loiugomi  bro  oi  lomstaye  ritoo  eo  boaaaiqxe  9iD  eoqnoHo 
l  »v  n  iton  ^eoteTi  no  d  bnD  .-neitoinoeotem  rieotoq  ;Or^  bno  ^0:2  yholuo.Moq  xtl' 

. 2>Idc  1  oiteoloDtoo  aHt  to  emoe  ni  aviloytts  ylo>Iii 
-  l  oitengomot  o  rlgirl  0  r  >t  irs.H  e^ode  ybui2  yti  liditqeoeue  oitengrxn  A 
ei  aenoqeat  Dit^ngom  br  so^tonb  bno  ^tnotnoo  stitangom  HgiH  d  yd  boouboiq  ®io  senoqe 


II 


due  to  hematization  of  magnetite. 

Individual  cataclastic  rock-types  are  shown  to  be  megascopical ly,  micro¬ 
scopically,  and  chemically  homogeneous  over  widely  separated  areas.  Where  two 
cataclastic  rock-types  are  in  juxtaposition,  a  narrow  zone  of  only  slight  mechanical 
mixing  separates  them.  Therefore,  careful  field  mapping  permits  the  use  of  both 
parent  and  cataclastical ly  derived  rocks  for  regional  lithologic  correlation. 

Combined  field,  petrographic,  and  chemical  study  has  revealed  the  se¬ 
quence  of  events  in  the  metamorphic  history  of  this  part  of  the  Precambrian  Shield: 

(i)  synkinematic  regional  granitization  and  intrusion, 

(ii)  early  paracrystalline  cataclasis, 

(iii)  late  kinematic  intrusion, 

(iv)  late  paracrystalline  cataclasis,  and 

(v)  post-crystalline  cataclasis. 
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CHAPTER  ONE 


INTRODUCTION 

Location 

In  1957  the  Research  Council  of  Alberta  undertook  a  long  term  project  to 
map  in  detail  and  to  report  on  various  economic  and  petrologic  aspects  of  an  area 
of  the  Precambrian  Shield  in  northeastern  Alberta.  The  map-area  forms  a  part  of 
the  Churchill  geologic  province. 

The  map-area  is  outlined  by  the  Alberta-Saskatchewan  boundary,  the 
Alberta-Northwest  Territories  boundary,  latitude  59o30'00n,  and  longitude  110° 
37'30"  (Fig.  1).  Excessive  muskeg  development  in  the  southwest  part  of  the  area 
prohibited  completion  of  mapping  of  the  proposed  area. 

The  area  referred  to  in  this  thesis  consists  of  portions  of  map-sheets  5,  6, 
9,  10,  and  11  (see  Fig.  1). 

Nature  of  the  Problem 

During  routine  mapping  it  became  obvious  that  cataclastical  ly-deformed 
rocks  constitute  a  significant  portion  of  the  map-area,  and  required  special  atten¬ 
tion  which  then  led  to  the  present  study. 

Cataclastic  rocks  are  mentioned  commonly  in  petrology  textbooks  and  in 
research  papers  but  they  generally  present  a  problem  to  the  field  geologist  because 
of  the  difficulty  of  correct  identification,  unless  transitional  shear  contacts  can  be 
observed  between  the  parent  and  derived  rocks.  Cataclastic  textures  are  readily 
distinguished  where  viewed  with  the  petrographic  microscope,  but  a  great  deal  re¬ 
mains  to  be  done  in  elucidating  their  petrogenesis. 

Cataclastic  rocks  are  typically  aphanitic,  cherty,  streaky  or  laminated, 
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and  usually  enclose  elliptical  or  eye-shaped  porphy  roc  lasts*  set  in  an  aphanitic 
groundmass.  They  are  a  product  of  severe  cataclasis  and  their  character  under 
the  microscope  is  diagnostic  in  that  the  texture  and  mineralogical  changes  reflect 
a  history  of  deformation.  A  wide  variation  of  cataclastic  rock  types  can  be  ex¬ 
pected  from  different  combinations  of  the  environmental  factors  such  as  temper¬ 
ature,  hydrostatic  pressure,  stress,  chemical  conditions,  and  the  duration  and 
sequence  of  these  factors.  Intense  crushing  followed  by  thorough  recrystalliza¬ 
tion  may  produce  apparently  unsheared,  granoblastic  rock  ressembling  a  fine¬ 
grained  quartzite  or  acid  igneous  rock. 

A  classification  of  the  cataclastic  rocks  and  quantitative  data  for  the 
deformed  rocks  from  northeastern  Alberta  are  presented  in  an  attempt  to  arrive 
at  a  better  understanding  of  the  genesis  of  this  group  of  rocks. 

Field  Occurrences  of  Mylonite 

Areas  of  intense  shearing  accompanying  transcurrent  and  thrust  faults 
are  characterized  by  mylonite  zones  which  commonly  occur  as  narrow  crush  zones 
several  feet  thick,  but  may  attain  thicknesses  of  several  thousands  of  feet.  The 
sole  of  thrust  faults  is  the  most  commonly  observed  site  of  cataclastic  rocks,  how¬ 
ever,  examples  of  mylonite  developed  along  transcurrent  faults  are  described  in 
the  literature. 

The  Moine  thrust  region  of  Scotland  is  the  classic  area  of  mylonite  ass¬ 
ociated  with  thrust  fault  movements  (eg.  Peach  and  Horne,  1930;  Christie,  1 960; 
and  Johnson,  1961).  Other  regions  of  thrust  faulting  where  my  Ionites  have  been 
well  studied  include  Victoria,  Australia  (Beavis,  1961),  the  Nepal  Himalayas 

i 

(Scott  and  Drever,  1953),  and  the  French  Alps  (Michel-Le'vy ,  1928). 


* 


Porphyroclast:  a  large  grain  surviving  in  an  otherwise  granulated  or  mylonitized 
rock  (Moorhouse,  1959,  p.  409). 
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The  San  Andreas  fault  zone  in  California  serves  as  the  classic  region  for 
the  study  of  mylonite  development  in  a  transcurrent  dislocation  zone  (eg.  Waters 
and  Campbell,  1935),  and  another  notable  occurrence  is  found  in  Tanzania,  Af¬ 
rica  (Sutton  and  Watson,  1959). 


Terminology 

In  1885  Lapworth  reported  on  a  group  of  crushed  rocks  in  the  Eireboll 
district  in  the  Northwest  Highlands  of  Scotland,  and  proposed  the  term  mylonite 
(Greek  my  Ion,  a  mill)  for  a  certain  type  of  crushed  rock.  Subsequent  to  Lap- 
worth's  work,  numerous  publications  dealing  with  crushed  rocks  appeared  in  the 
European  literature  (eg.  Sander,  1911;  Termier  and  Boussac,  1911;  Quensel, 

1916;  Shand,  1916;  Raguin,  1925;  and  Hall  and  Molengraaf,  1925).  Later, 
several  papers  on  this  subject  appeared  in  American  journals  (eg.  Knopf,  1931; 
Waters  and  Campbell,  1935;  Bateman,  1940;  and  Armstrong,  1941). 

Lapworth's  precise  petrographic  definition  stipulates  that  a  mylonite 
must  be  fine-grained,  show  well-developed  laminations  or  fluxion  structure,  and 
bear  the  characteristics  of  mechanical  granulation  with  only  minor  evidence  of 
recrystallization  or  neomineralization.  Termier  and  Boussac  (1911)  in  the  opp¬ 
osite  extreme  employ  the  term  mylonite  in  a  general  sense  and  include  all  mat¬ 
erial  formed  by  crushing,  regardless  of  their  present  nature.  A  reconciliation 
was  reached  by  Quensel  (1916)  who  recognized  two  main  classes  of  mylonites: 

(i)  those  which  show  laminated  structure  were  called  "mylonitschiefer"  (mylonite 
schist),  and  (ii)  structureless  crushed  rocks  were  called  "mylonite  im  engeren 
Sinn"  (mylonite  in  the  restricted  sense).  Various  other  attempts  have  been  made 
to  define  and  classify  cataclastic  rocks.  Confusion  and  overlap  has  persisted  in 
the  terminology,  definitions  are  ambiguous,  and  the  varied  geologic  environments 
under  which  cataclastic  rocks  form  are  not  clear  due  to  inadequate  communication 
between  English-speaking  and  other  geologists.  In  the  last  10  years,  British  and 
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American  geologists  have  intensified  their  studies  on  cataclastic  rocks  and  the 
terminology  has  been  unified  to  a  considerable  extent. 

In  this  study,  Lapworth's  definition  of  mylonite  is  essentially  retained, 
with  prefixes  added  where  refinement  of  the  term  is  warranted.  The  cataclasites, 
(Hsu,  1955,  after  Grubenmann  and  Niggli,  1924)  a  group  of  cataclastic  rocks 
which  shows  no  lamination,  is  advocated  to  supplement  the  mylonites  of  Lapworth. 
These  two  groups  of  cataclastic  rocks  more  or  less  correspond  to  Quensel's  two¬ 
fold  breakdown  of  laminated  and  unlaminated  mylonites.  The  following  summary 
of  terms  and  definitions  is  an  attempt  to  group  the  more  commonly  used  analogous 
terms  under  a  corresponding  single  term  adopted  in  this  study. 

Miscellaneous  Terms 

Cataclastic  rocks:  refers  to  the  broad  class  of  rocks  formed  by  the  crushing  of 
pre-existing  rocks. 

Phyl Ionite  or  phyl lite-mylonite  (Knopf,  1 931 ,  after  Sander,  1911):  is  fine¬ 
grained  and  phyl  I  i tic  in  appearance,  and  is  produced  from  a  coarser-grained 
rock  by  granulation  and  shearing  along  existing  S-planes.  Lenticles  are  char¬ 
acteristic  of  phyl  Ionites. 

Kakirite  (Quensel,  1916):  is  an  unlaminated,  megascopic  breccia  in  which 
slightly  displaced  cataclastic  rock  fragments  are  surrounded  by  an  ultracrushed 
matrix. 

Pseudotachylyte  (Shand,  1916):  is  a  dark-coloured,  glassy  rock  of  vein-like  or 
dyke-like  habit,  formed  by  fusion  of  finely  granulated  rock  powder  and  is  app¬ 
arently  not  related  to  shear  planes. 

Mylonite  Group  Terms  (Laminated  Cataclastic  Rocks) 

Protomylonite  (Backlund,  1918):  is  a  moderately  crushed  rock  which  represents  an 
early  stage  in  the  development  sequence  towards  mylonite  and  cryptomylonite,  where 
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the  primary  structures  of  the  parental  rock  are  faintly  preserved.  The  granulated 
matrix  constitutes  between  20  and  50  per  cent  of  the  rock  volume. 

=  Nodular  mylonite  (Raguin/  1925) 

=  Flaser  rocks  (Tyrrell  1926) 

Mylonite  (Lapworth/  1885):  is  a  laminated,  coherent,  microbreccia  which  shows 
only  minor  evidence  of  recrystallization.  The  stipulation  of  minor  recrystallization 
is  not  rigidly  adhered  to  in  this  thesis.  The  granulated  matrix  constitutes  between 
50  and  95  per  cent  of  the  rock  volume  (Hsu,  1955).  Average  matrix  grain  size 
(fine-grained  phase  only  if  matrix  grain  size  is  bimodal)  is  between  0.03  mm  and 
0.01  mm. 

=  Mylonitschiefer  (Quensel,  1916) 

Ultramy Ionite  (Staub,  1915;  Quensel,  1916):  is  an  ultracrushed  rock  in  which 
porphyroclasts  are  almost  absent  and  relics  of  the  original  structure  are  virtually 
undetectable.  The  granulated  matrix  comprises  more  than  95  per  cent  of  the  rock 
volume  (Hsu,  1955).  Average  matrix  grain  size  (fine-grained  phase  only,  if  mat¬ 
rix  grain  size  is  bimodal)  is  between  0.03  mm  and  0.01  mm. 

=  Puree  parfaite  (Termier  and  Boussac,  1911) 

=  Hartschiefer  (Swedish  geologists):  is  an  ultramylonite  which 
possesses  sharply  defined  and  parallel  laminations. 
Cryptomylonite  (Scott  and  Drever,  1954):  is  an  ultracrushed,  crystalline  rock  in 
which  the  determination  of  the  mineral  constituents  is  hampered  by  the  relative 
opacity  of  the  matrix.  Average  matrix  grain  size  (fine-grained  phase  only,  if  mat¬ 
rix  grain  size  is  bimodal)  is  less  than  0.01  mm. 

Hyalomy Ionite  (Scott  and  Drever,  1954):  is  a  dark-coloured,  glassy  rock  which  is 
formed  by  fusion  of  finely  granulated  rock  powder,  and,  unlike  pseudotachy lyte,  is 

found  along  shear  planes. 

=  FI inty  crush  rock  (Clough,  1888) 

=  Trapshotten  gneiss  (King  and  Foote,  1864) 
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Mylonite  gneiss  (Quensel,  1916):  possesses  a  combination  of  cataclastic  and  re¬ 
crystallization  characteristics.  Augen  structure  is  essential,  the  augen  consisting 
of  either  single  grains  or  mineral  aggregates  enclosed  in  a  recrystallized  matrix. 
Average  matrix  grain  size  is  between  0.03  mm  and  0.05  mm. 

Blastomy Ionite  (Sander,  1912):  is  a  highly  reconstituted  rock  in  which  only  faint 
traces  of  cataclastic  structure  remain,  and  even  augen  are  difficult  to  recognize 
due  to  thorough  recrystallization.  Some  of  the  constituents  were  formed  by  syn- 
kinematic  neomineral ization,  recrystallization,  or  both  (Hsu,  1955).  Average 
matrix  grain  size  is  greater  than  0.05  mm. 

Metasomatized  mylonite  (Hsu,  1955):  is  a  crushed  rock  in  which  some  of  the  con¬ 
stituents  have  formed  as  a  result  of  synkinematic  or  post-kinematic  metasomatism. 

Cataclasite  Group  Terms  (Unlaminated  Cataclastic  Rocks) 

The  following  terms  are  derived  from  the  mylonite  group  equivalents. 

Protocataclasite  (Hsu,  1955) 

Cataclasite  (Grubenmann  and  Niggli,  1924) 

=  Mylonite  im  engeren  Sinn  (Quensel,  1916) 

Ultracataclasite  (Hsu,  1955) 

Cryptocataclasite 
Blastocataclasite  (Hsu,  1955) 

Metasomatized  cataclasite  (Hsu,  1955) 

Distribution  of  Cataclastic  Rocks  in  Northeastern  Alberta 

Two  composite  bands  of  cataclastic  rocks  at  Charles  and  Bayonet  Lakes  are 
of  principal  interest  in  this  thesis  (Mapl).  These  bands  were  selected  for  study  be¬ 
cause  of  their  intensity  of  deformation,  areal  extent,  variety  of  parental  and  derived 
rock  types,  excellence  of  exposures,  and  the  field  complexities.  A  cataclastic  band 
of  minor  extent  at  Treasure  Loch  is  also  treated  in  detail. 
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Other  bands  and  masses  of  cataclastic  rocks  have  been  noted  in  the  course 
of  mapping.  However,  since  they  are  not  as  extensive  as  those  rocks  included  in  the 
present  study,  and  are  apparently  megascopical  ly  similar,  they  are  omitted  from 
further  consideration. 
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CHAPTER  TWO 


DISCUSSION  OF  MAP-UNITS 

General  Statement 

This  chapter  is  devoted  to  the  field  relations  and  petrologic  character 
of  the  parent  rock-types  and  their  cataclastic  derivatives  found  in  the  study  area. 

The  rock-types  omitted  in  this  discussion  are  treated  in  a  published  report  (God¬ 
frey,  in  press).  The  petrographic  classification  of  the  plutonic  rock  types  is  based 
upon  Moorhouse  (1959,  p.  154)  but  the  alkali  feldspar  category  is  restricted  to 
potash  feldspars  in  order  to  accommodate  the  problem  of  irregular  albitization  of 
intermediate  plagioclase  due  to  retrogressive  effects  accompanying  cataclasis. 
Petrographic  classification  of  the  cataclastic  rocks  adheres  to  the  textural  class¬ 
ification  proposed  in  chapter  one. 

The  description  of  each  rock-type  is  based  upon  the  examination  of  num¬ 
erous  outcrops,  hand  specimens,  and  thin  sections.  Standard  reference-rock  spec¬ 
imens  were  selected  to  represent  the  typical  nature  of  each  rock-type,  and  the 
number  of  these  samples  from  each  rock-type  is  proportional  to  the  areal  extent 
of  that  rock.  Large-size  thin  sections  (2X3  inches)  of  standard  rock  specimens 
are  predominantly  used,  and  the  examination  of  small-size  thin  sections  (1X2 
inches)  of  samples  scattered  throughout  each  body  of  rock  supplement  data  from  the 
standard  rock  specimens.  Modal  analyses  of  standard  rock  specimens  were  made  with 
a  Leitz  mechanical  stage  and  involved  2000  to  2500  points  with  a  spacing  of  0.5  mm. 
Chemical  analyses  are  available  for  27  standard-rock  samples. 

The  Charles  Lake,  Treasure  Loch,  and  Bayonet  Lake  cataclastic  bands  are 
treated  individually  in  a  west  to  east  sequence,  and  the  discussion  of  each  cata¬ 
clastic  rock-type  is  followed  directly  by  a  discussion  of  the  probable  parent  rock- 
type.  The  mylonite  group  rock-types  from  each  band  are  discussed  in  alphabetical 
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sequence  (K,  L,  M,  N,  O,  P).  Cataclastic  rocks  that  do  not  fall  into  this  scheme 
are  discussed  either  before  or  after  the  mylonite  group  rock-types. 

Chari  es  Lake  Cataclastic  Band 

The  Charles  Lake  cataclastic  band  comprises  one  main  band  and  several 
parallel,  smaller  bands,  all  of  which  trend  northerly  and  form  a  major  part  of  map- 
areas  9,  10,  11,  and  the  western  margin  of  map-area  5.  The  main  band  trends 
northerly  along  Charles  Lake,  with  a  branch  along  Selwyn  Lake,  forming  an  up¬ 
right  Y-shape.  This  crush  zone  is  striking  in  the  field  by  virtue  of  the  various 
types  of  mylonites  developed,  and  the  great  longitudinal  extent  -  mapping  shows 
that  it  is  continuous  for  at  least  25.5  miles,  and  extends  both  to  the  north  and 
south  for  undetermined  distances.  The  maximum  unbroken  width  of  the  band  is 
about  5,000  feet. 

TABLE  I.  CATACLASTIC  ROCKS  AND  THEIR  PROBABLE  PARENT  ROCKS,  CHARLES 

LAKE  AREA 


Cataclastic  rock* 

Probable  parent  rock* 

Recrystallized  hornblende 
cataclasite** 

Foliated  hornblende  granite,  grey  horn¬ 
blende  granite,  or  hornblende  granite 
gneiss. 

Recrystallized  mylonite  K** 

Biotite  granite  gneiss 

Recrystallized  mylonite  L** 

Biotite  granite  gneiss 

Recrystallized  mylonite  M** 

Hornblende  granite  gneiss  and/  or 
granite  gneiss 

biotite 

Recrystallized  mylonite  P** 

Biotite  granite  F*** 

Arch  Lake  mylonite 

Arch  Lake  granite 

Raison  granite 

Biotite  "q';  granite 
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*  Field  classification. 

**  "Recrystal  I ized"  is  omitted  in  the  text. 

***  "Biotite"  is  omitted  in  the  text. 

Hornblende  Cataclasite 

The  term  cataclasite  is  applied  to  crushed  rocks  which  lack  a  megascopic 
laminar  flow  texture  (Plate  l,b).  Indistinct  mineral  and  colour  layering  may  be 
common,  but  smearing  of  the  constituent  minerals  is  not  obvious  in  hand  specimens 
Localized  late-kinematic  mylonitization  may  smear  the  minerals  to  produce  a  my- 
lonitized  cataclasite  (Plate  l,c). 

Hornblende  cataclasite  is  the  unique  unlaminated  crush  rock  in  the  study 
area,  limited  in  outcrop  to  map-areas  9,  10,  and  11.  In  map-area  9,  hornblende 
cataclasite  is  found  as  narrow  bands  up  to  600  feet  wide  and  6,500  feet  long  on 
the  east  side  of  the  peninsulas  in  the  north-central  region,  and  as  a  small  lens  in 
the  largest  island  south  of  the  northernmost  peninsula.  In  map-area  10,  horn¬ 
blende  cataclasite  forms  a  band  up  to  1,400  feet  wide  and  at  least  4,500  feet 
long  in  the  north-central  area  about  one  mile  east  of  Arch  Lake.  In  map-area  1 1, 
hornblende  cataclasite  forms  sporadic,  narrow  bands  and  lenses  near  the  east  and 
west  shoreline  of  Charles  Lake,  and  a  small  mass  near  the  western  shoreline  of 
Cornwall  Lake. 

Weathered  outcrops  are  commonly  littered  with  rectangular,  slabby, 
fracture  blocks  (Plate  l,a)>,  and  in  map-area  9,  the  fracture  blocks  form 
talus  slopes  along  the  east  side  of  two  peninsulas.  Weathered  surfaces  are 
buff-grey  to  pinkish  grey,  whereas  fresh  surfaces  are  medium  grey,  and  both  sur¬ 
faces  show  reticulate  thin  lines  of  bright,  reddish  orange  iron  oxide  discoloration. 
Fracture  surfaces  are  commonly  coated  with  dark  brown  iron  oxide.  Abundant 
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spherical  to  elliptical,  2  to  3  mm  mafic  megacrysts*  and  minor  2  to  12  mm  feldspar 
megacrysts  are  set  in  a  saccharoidal ,  foliated  to  granoblastic  felsic  matrix. 

The  petrographic  description  of  the  general  properties  of  the  cataclasite 
rock-type  is  based  upon  the  examination  of  18  thin  sections.  Quantitative  data 
for  most  of  these  18  samples,  and  correlation  of  different  bodies  are  treated  in 
chapter  four.  Modal  and  chemical  analyses  of  three  standard  cataclasite  sam¬ 
ples  (Table  2)  are  used  to  define  the  general  properties  of  the  cataclasite  rock- 
type. 

Cataclasite  comprises  megacrysts  of  plagioclase,  hornblende  or  actino- 
lite,  or  both,  and  rare  microcline,  set  in  a  matrix  of  plagioclase,  quartz,  micro¬ 
line,  epidote,  biotite,  and  chlorite.  Mosaic  texture  (Plate  l,e)  is  produced  by 
interlocking,  equ idimensional  grains  and  indicates  thorough  recrystallization  under 
hydrostatic  pressure  conditions.  The  cataclastic  character  of  the  rock  in  thin  sec¬ 
tion  is  recognized  by  the  presence  of  rounded  and  rolled  hornblende  porphyroclasts. 
Granoblastic,  relatively  unstrained  quartz  lenticles  and  polycrystalline  aggregates 
with  straight  grain  margins  are  common,  and  probably  formed  when  thermal  effects 
outlasted  dynamic  effects.  Microcline  forms  rare,  stretched  megacrysts  and  abun¬ 
dant  interstitial  grains  in  the  matrix. 

Hornblende,  or  actinolite,  or  both,  are  common  constituents  of  cata- 
clasites  from  the  two  peninsulas  near  the  north  end  of  Charles  Lake  in  map-area 
9.  Rejuvenated  movement  along  the  fault  zone  cutting  the  island  south  of  the 
northernmost  peninsula  of  Charles  Lake  has  caused  extensive  retrogressive  alter¬ 
ation  of  amphibole  to  biotite,  chlorite,  and  epidote,  and  the  production  of  mylon- 
ite  from  cataclasite. 


*  Megacryst:  a  large  grain  of  undetermined  or  mixed  origin  in  a  finer-grained  mat¬ 
rix  (Research  Council  of  Alberta).  This  term  embraces  phenocryst,  porphyroblast, 
and  porphyroclast. 
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TABLE  2.  MODAL  AND  CHEMICAL  ANALYSES  OF  HORNBLENDE  CATACLAS1TE 
STANDARD  SAMPLES,  CHARLES  LAKE  CATACLASTIC  BAND 


94 

120 

144 

Average 

Q 

17.3 

15.5 

25.8 

19.5 

KFp 

11.6 

21.6 

10.4 

14.5 

PI 

59.1 

48.0 

58.6 

55.2 

Hbl,  Act 

0.4 

0.4 

- 

0.3 

Bio 

4.4 

- 

1.4 

1.9 

Chi 

1.5 

6.2 

1.5 

3.1 

Mu 

- 

0.1 

1.2 

0.1 

Ep 

4.7 

7.2 

1.6 

4.5 

Cal 

0.1 

0.2 

tr 

0.1 

Zr 

tr 

- 

- 

tr 

Ap 

0.5 

0.2 

0.2 

CO 

• 

o 

Sph 

tr 

0.2 

0.1 

0.1 

Lx 

- 

0.1 

1 

tr 

Mag 

0.5 

0.5 

0.5 

0.5 

Hem 

- 

- 

tr 

tr 

No.  of  Points 

2500 

2500 

2500 

- 

sio2 

66.95 

65.74 

69.16 

67.28 

Ti02 

0.21 

0.24 

0.16 

0.20 

ai2°3 

17.28 

17.58 

16.38 

17.08 

F*>3 

2.26 

2.57 

1.61 

2.15 

MnO 

0.08 

0.09 

0.06 

0.08 

MgO 

1.09 

1.34 

0.98 

1.14 

CaO 

3.84 

3.45 

2.38 

3.22 

Na20 

5.09 

5.19 

4.55 

4.94 

k2o 

2.41 

2.83 

3.49 

2.91 

L.O.I. 

0.69 

0.91 

0.53 

0.71 

P2°5 

0.09 

0.12 

0.06 

0.09 

Total 

99.99 

100.06 

99.36 

99.80 

-  (Chemical  analyses  by  G.  Schmitz.) 
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Key  for  abbreviations  used  in  this  thesis 


Minerals 


Rocks 


Q 

Quartz 

Gr  Granite 

KFp 

Potash  feldspar 

Gr  Gn  Granite  gneiss 

PI 

Plagioclase 

Myl  My  Ion  ite 

Di 

Diopside 

Hbl 

Hornblende 

Act 

Actinol  ite 

Bio 

Biotite 

Chi 

Chlorite 

Mu 

White  mica 

Ep 

Epidote 

Cal 

Calcite 

Ct 

Cordierite 

Chem  istry 

Gt 

Garnet 

Fe9Oo  total  iron  repor 

Zr 

Zircon 

Fe0°, 

Ap 

Apatite 

Z  0 

Al 

Al  lanite 

L.O.I.  loss  on  ignition 

Sph 

Sphene 

Lx 

Leucoxene 

Tl 

Tourmal  ine 

Mag* 

Magnetite 

Hem 

Hematite 

Py 

Pyrite 

Miscellaneous 

*  includes  llmenite 


shr 

tr 

mm 

ppm 

No. 


sheared 

trace 

millimetre 
parts  per  mill  ion 
Number 
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Amphibole  in  the  cataclasites  of  map-areas  10  and  1  1  are  commonly  pseudo- 
morphed  by  biotite,  chlorite, and  epidote.  Hornblende  and  actinolite  megacrysts 
(Plate  1,  e  and  f)  are  general ly  rounded,  spherical  to  ell iptical ,and  form  up  to  20 
per  cent  of  the  rock.  Actinolite  is  pale  green,  fresh,  and  highly  poikiloblastic 
with  numerous  quartz  inclusions,  whereas  hornblende  is  medium  green  to  dark  green¬ 
ish  brown,  and  partly  to  completely  altered.  Where  partly  altered,  hornblende  is 
also  commonly  pseudomorphed  by  a  polycrystalline  aggregate  of  biotite  and  chlorite 
surrounded  by  epidote  (Plate  l,g).  Commonly,  hornblende  is  partly  pseudomorphed 
by  actinolite.  Evidently,  hornblende  grains  are  relict  porphyroclasts,  whereas  act¬ 
inolite  forms  porphyroblasts*  that  originated  during  the  terminal  phase  of  cataclasis. 
The  coexistence  of  hornblende,  actinolite,  biotite,  chlorite,  and  epidote  in  the 
cataclasites  of  map-area  9  suggests  the  metamorphic  grade  as  intermediate  between 
the  quartz -albite-epidote-biotite  subfacies  and  quartz -albite-epidote-almandine 
subfacies  of  the  greenschist  facies  (Turner  and  Verhoogen,  1960).  The  assemblage 
chlorite-epidote  in  map-area  10  indicates  the  quartz -albite-muscovite-chlorite  sub¬ 
facies  of  the  greenschist  facies;  and  in  map-area  11,  the  assemblage  biotite,  chlor¬ 
ite,  and  epidote  suggests  the  quartz -albite-epidote-biotite  subfacies  of  the  green¬ 
schist  facies. 

Modal  and  chemical  analyses  of  the  standard  cataclasite  samples  (Table  2) 
indicate  the  mineralogical  and  chemical  homogeneity  of  the  rock-type;  sample  94 
is  from  map-area  9,  sample  120  is  from  map-area  10,  and  sample  144  is  from  map- 
area  1 1 .  The  absence  of  biotite  and  presence  of  relict  islands  of  hornblende  in 
sample  120  indicates  that  the  biotite  grade  of  metamorphism  was  absent,  resulting 
in  direct  alteration  from  hornblende  to  chlorite.  The  absence  of  amphibole,  and 
the  smaller  quantity  of  biotite  and  epidote  in  sample  144  may  be  explained  by  the 

*  Porphyroblast  (=metacryst) :  A  large  crystal  that  has  grown  in  a  finer-grained  rock 
during  metamorphism  or  metasomatism  (Moorhouse,  1959,  p.  409). 
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lower  metamorphic  grade,  and  relatively  lower  calcium  and  iron  content  compared 
to  standard  samples  94  and  120. 

Average  matrix  grain  size  of  the  cataclasite  rock-type  ranges  from  0.03 
mm  to  0.09  mm,  and  leads  to  a  petrographic  classification  extending  from  cataclasite 
into  blastocataclasite. 

Foliated  Hornblende  Granite 

This  rock-type  forms  a  major  part  of  the  second  peninsula  south  of  the 
Northwest  Territories  boundary  in  map  area  9  and  is  absent  from  the  remainder  of 
the  thesis  area.  Foliated  hornblende  granite  is  homogeneous,  equigranular,  med¬ 
ium-  to  coarse-grained,  coarsely  foliated  with  lenticular  clots  of  hornblende  and 
biotite,  and  pink  to  pinkish  grey  on  fresh  and  weathered  surfaces.  Massive  phases 
and  pegmatites  are  uncommon.  The  proximity  of  foliated  hornblende  granite  to 
hornblende  cataclasite  suggests  a  possible  genetic  relationship.  However,  com¬ 
parison  of  the  modal  and  chemical  analyses  of  foliated  hornblende  granite  (Table 
3)  with  analyses  of  hornblende  cataclasite  (Table  2)  readily  demonstrates  the  dis¬ 
similarity  of  the  two  rock-types,  and  further  discussion  of  foliated  hornblende  granite 
becomes  unnecessary  in  this  chapter. 

Grey  Hornblende  Granite 

Grey  hornblende  granite  is  commonly  associated  with  hornblende  cata¬ 
clasite  in  the  field.  The  contact  between  these  rocks  is  transitional  wherever  ob¬ 
served,  and  the  field  distinction  is  based  upon  matrix  grain  size.  Samples  with  an 
aphanitic  to  fine-grained  matrix  are  classified  as  hornblende  cataclasite,  where¬ 
as  samples  with  fine-  to  medium-grained  matrix  are  classified  as  hornblende  granite. 
Thin  section  study  demonstrates  that  the  field  classification  is  valid;  average  matrix 
grain  size  of  samples  from  the  cataclasite  rock-type  is  invariably  0. 1  mm  or  less, 
whereas  the  average  matrix  grain  size  of  samples  from  the  grey  hornblende  granite 
rock-type  is  greater  than  0.1  mm.  In  map-area  9,  grey  hornblende  granite  forms 
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rare,  small  lenses  along  the  east  side  of  the  second  peninsula  south  from  the  North¬ 
west  Territories  boundary,  Charles  Lake;  a  small  mass  in  the  north-central  region  of 
map-area  10;  and  relatively  large  masses  along  the  east  and  west  sides  of  Charles 
Lake,  and  along  the  west  side  of  Cornwall  Lake  in  map-area  1 1 . 

Grey  hornblende  granite  is  inequigranular,  massive,  light  to  medium  grey 
on  fresh  surfaces  with  a  common  pinkish  tinge  due  to  hematization  of  plagioclase. 
Weathered  surfaces  are  buff-grey  to  pink,  and  pitted  due  to  differential  weathering 
of  mafic  clots. 

Thin  section  examination  shows  that  grey  hornblende  granite  has  a  fine¬ 
grained  matrix  ranging  from  0.4  to  0.8  mm  and  rounded  megacrysts  with  indented 
grain  margins  (Plate  l,h)  which  suggests  that  hornblende  granite  is  a  highly  recrys¬ 
tallized  phase  of  hornblende  cataclasite.  The  matrix  is  composed  of  equant  plag¬ 
ioclase,  microcline,  quartz,  biotite,  hornblende,  and  epidote,  with  sutured  grain 
margins  (Plate  1 ,  h). 

Comparison  of  the  average  modal  and  chemical  analyses  for  grey  horn¬ 
blende  granite  (Table  3)  and  hornblende  cataclasite  (Table  2)  illustrates  the  close 
similarity  and  probable  genetic  relationship  of  the  two  rock-types.  Mineralogical 
differences  are  slight  and  insignificant.  The  most  diagnostic  features  are  a  high 
alumina,  lime,  and  soda  content,  and  a  soda  to  potash  ratio  of  two  to  one. 

Comparison  of  modal  and  chemical  analyses  of  grey  hornblende  granite 
with  Johannsen's  (1932)  compilation  of  granodiorite  analyses  indicates  a  close  re- 
ssemblance  to  Johannsen's  sample  22  (pages  334,341),  in  the  basic  granodiorites 
(Family  2278).  The  modal  and  chemical  analyses  of  Johannsen's  sample  22,  which 
was  classified  in  the  field  as  soda  hornblende  granite,  are  given  in  Table  3. 

Granite  Gneiss 

Granite  gneiss  is  the  most  extensive  map-unit  in  the  thesis  area,  and  is 
the  probable  parent  rock  for  several  cataclastic  rock-types,  including  hornblende 


PLATE  1 


HORNBLENDE  CATACLASITE  AND  GREY  HORNBLENDE  GRANITE 

(HORNBLENDE  GRANODIORITE) 


Hornblende  cataclasite.  Field  photograph.  Typical  flagstone-like 
fracturing. 

Hornblende  blastocataclasite.  Sample  1-1,  hand  specimen.  Elliptical 
mafic  mineral  clots  in  a  granoblastic  matrix. 

Ultramy Ionite.  Sample  ll-k,  hand  specimen.  Rare  feldspar  porphyro- 
clasts  in  a  finely  laminated,  aphanitic  matrix.  Wide  grey 
band  in  mylonitized  epidote.  This  rock  represents  hornblende 
cataclasite  that  has  undergone  secondary  mylonitization. 

Hornblende  granodiorite.  Sample  lll-p,  hand  specimen .  Abundant, 
equant,  hornblende  porphyroclasts  in  a  fine-grained,  gran¬ 
oblastic  matrix.  Note  the  lens-shaped  concentration  of 
mafic  minerals. 

Hornblende  blastocataclasite.  Standard  sample  94,  photomicrograph. 

Elliptical  hornblende  porphyroclast  in  a  highly  recrystallized, 
granoblastic  matrix.  Crossed  nicols,  x  10. 

Hornblende  blastocataclasite.  Standard  sample  94,  photomicrograph. 
Pear-shaped  hornblende  porphyroclast  sheathed  by  biotite, 
chlorite,  epidote,  and  magnetite.  Plane  light,  x  10. 

Blastocataclasite.  Standard  sample  144,  photomicrograph.  Biotite 
pseudomorph,  after  hornblende.  Note  the  rim  of  epidote. 

Plane  I ight,  x  25. 

Hornblende  granodiorite.  Standard  sample  150,  photomicrograph.  Large 
spherical  megacryst  of  rod  perthite  with  many  inclusions  of 
quartz,  biotite  and  epidote.  Note  the  fine-  to  medium-grained 
granoblastic  matrix.  Crossed  nicols,  x  10. 
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TABLE  3.  MODAL  AND  CHEMICAL  ANALYSES  OF  FOLIATED  HORNBLENDE 
GRANITE  AND  GREY  HORNBLENDE  GRANITE  STANDARD  SAMPLES, 

CHARLES  LAKE  CATACLASTIC  BAND 


Foliated  Hornblende 

Granite 

Grey  Hornblende 

Granite 

Soda  Hornblende 
Granite  (Johannsen)* 

87 

89 

Average 

150 

156 

Average 

Q 

22.6 

42.1 

32.4 

13.8 

24.4 

19.1 

20 

KFp 

44.7 

37.4 

41.1 

22.9 

18.0 

20.5 

25 

PI 

14.7 

7.6 

11.2 

54.4 

54.2 

54.3 

48 

Hbl 

14.1 

7.4 

10.8 

3.9 

- 

1.9 

7 

Bio 

3.6 

5.3 

4.5 

1.4 

1.6 

1.5 

- 

Chi 

- 

- 

- 

- 

tr 

tr 

X 

Mu 

— 

— 

- 

- 

0.5 

0.3 

- 

Ep 

— 

- 

- 

1.5 

0.8 

1.2 

X 

Zr 

0.1 

0.1 

0.1 

- 

- 

- 

X 

Ap 

0.3 

- 

0.2 

0.3 

tr 

0.2 

X 

Al 

— 

- 

- 

0.3 

- 

0.2 

- 

Sph 

- 

0.3 

0.2 

- 

tr 

tr 

X 

Mag 

0.2 

0.1 

0.2 

0.7 

0.7 

0.7 

X 

Hem 

- 

- 

- 

- 

- 

— 

X 

Py 

— 

X 

No.  of 

2,000 

2,500 

2,500 

2,500 

- 

- 

Points 

SiOo 

74.37 

74.37 

66.16 

66.16 

68.81 

TiO? 

0.26 

0.26 

0.23 

0.23 

0.22 

AI2O3 

It. 42 

11.42 

17.14 

17.14 

16.30 

Fe?03 

3.98 

3.98 

2.26 

2.26 

2.70 

MnO 

0.05 

0.05 

0.09 

0.09 

0.02 

MgO 

0.30 

0.30 

1.06 

1.06 

0.91 

CaO 

1.43 

1.43 

3.60 

3.60 

2. 19 

NaoO 

2.51 

2.51 

5.29 

5.29 

4.97 

K26 

4,55 

4.55 

2.53 

2.53 

2.29 

L.0. 1. 

0.26 

0.26 

0.37 

0.37 

0.42 

P2°5 

- 

- 

0.11 

0.11 

0.07 

Total 

99.13 

99.13 

98.84 

98.84 

98.90 

(Chemical  analyses  by  G.  Schmitz). 


*  Johannsen,  1932,  pages  334  and  341 . 


Indicates  the  mineral  is  present. 
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cataclasite,  and  mylonites  K,  L,  and  M.  The  map  representation  of  granite  gneiss 
shows  a  breakdown  into  biotite  granite  gneiss  and  hornblende  granite  gneiss  which 
are  discussed  in  some  detail  separately.  The  granite  gneiss  terrain  contains  numer¬ 
ous  lenses  and  bands  of  amphibolite  and  metasedimentary  rocks  on  the  outcrop  and 
regional  scale  of  observation.  Masses  and  bands  of  massive  to  foliated  granitic 
rocks,  and  pegmatite,  are  also  common  in  granite  gneiss  areas.  Granite  gneiss  is 
regarded  as  the  fundamental  basement  complex  (Godfrey,  1962)  upon  which  later 
events  of  sedimentation,  metamorphism,  deformation,  and  intrusion  have  been 
superimposed. 

The  Bayonet  Lake  and  Potts  Lake  map-areas  consist  of  about  80  per  cent 
outcrop-area  of  granite  gneiss, whereas  the  three  Charles  Lake  map-areas  show  a 
north  to  south  decrease  in  granite  gneiss  from  about  60  per  cent  in  Charles  Lake, 
North  40  per  cent  in  Charles  Lake,  Central,  and  30  per  cent  in  Charles  Lake,  South. 
Biotite  granite  gneiss  is  prevalent  and  hornblende  granite  gneiss  is  irregularly  dis¬ 
tributed  throughout  the  thesis  area,  although  two  large  masses  of  hornblende  granite 
gneiss  are  located  in  the  north-central  region  of  the  Bayonet  Lake  map-area,  and 
east  of  Charles  Lake  to  Selwyn  Lake  in  the  Charles  Lake,  North,  map-area. 

Granite  gneiss  is  typically  layered,  with  alternating  1/2  to  6  inches  wide 
felsic  and  mafic  layers  that  are  commonly  continuous  for  many  feet,  or  1/16  to  1/4 
inch  discontinuous  folia,  or  both.  Individual  layers  are  fine-  to  medium-grained, 
and  equigranular  to  porphyroblastic.  The  foliation  is  generally  wavy,  commonly 
highly  contorted,  and  shows  plastic  flow  effects  (Plate  2, a). 

The  presence  or  absence  of  visible  hornblende  is  the  criterion  for  the  field 
distinction  between  hornblende  granite  gneiss  and  biotite  granite  gneiss:  hornblende 
granite  gneiss  contains  biotite  and  visible  hornblende,  which  commonly  forms  5  to 
10  per  cent  of  the  rock,  and  with  increase  of  hornblende  grades  into  amphibolite 
gneiss.  Biotite  granite  gneiss  generally  contains  5  to  15  per  cent  biotite  and  lacks 
significant  amounts  of  visible  hornblende. 
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Hornblende  Granite  Gneiss.  The  discussion  of  hornblende  granite  gneiss  is  confined 
to  those  masses  that  enclose  or  are  adjacent  to  grey  hornblende  granite  and  horn¬ 
blende  cataclasite  bodies  in  the  Charles  Lake  map-areas.  The  main  masses  include 
a  large,  bulbous  body  east  of  Charles  Lake  in  the  Charles  Lake,  North,  map-area, 
a  narrow  band  east  of  Arch  Lake  in  the  Charles  Lake,  Central,  map-area,  and  a  con¬ 
tinuous  mass  along  the  east  and  west  sides  of  Charles  Lake  in  the  Charles  Lake, 

South,  map-area. 

Two  types  of  hornblende  granite  gneiss  are  distinguished:  (i)  felsic,  pink 
to  grey  gneiss  with  indistinct  layering  and  wavy,  discontinuous  folia;  and  (ii) 
mafic  gneiss  with  sharply-defined  dark  green  layers  alternating  with  felsic  layers. 
These  varieties  of  hornblende  granite  gneiss  are  present  in  about  equal  amounts, 
and  are  irregularly  distributed. 

In  thin  section,  the  rock  is  subequigranular,  with  a  grain  size  between 
0.5  and  2  mm.  The  foliation  is  defined  by  discontinuous,  wavy  mafic  lenticles, 
and  continuous,  mafic-rich  and  mafic-poor  layers;  the  mafic  minerals  consist  of 
intergrown  biotite  and  hornblende,  rare  diopside,  and  accessory  apatite,  magnetite, 
and  sphene.  Biotite  tends  to  be  oriented  parallel  to  the  foliation,  and  the  sharp 
contact  with  hornblende  indicates  that  hornblende  and  biotite  are  coeval.  Rarely, 
biotite  is  partly  altered  to  chlorite.  Identification  of  the  pyroxene  variety  is 
difficult  due  to  the  prevalence  of  relict  grains,  but  the  90°  intersection  of  cleav¬ 
age  traces  on  basal  sections,  pale  green  to  colorless  grains,  2V  angle  of  about 
60  degrees,  positive  optic  sign,  and  extinction  angle  ZAc=44  degrees  indicate 
diopside  with  about  40  per  cent  hedenbergite  solid  solution  (Winchell  and  Win- 
chell,  1951).  Diopside  is  altered  to  a  fibrous  mat  of  pale  green  uralite  surrounding 
the  grains.  The  presence  of  relict  diopside  indicates  that  parts  of  the  hornblende 
granite  gneiss  terraine  must  have  reached  the  granulite  facies  of  metamorphism 
prior  to  diaphthoresis.  Potash  feldspar  is  always  xenoblastic  microcline  commonly 
rimmed  with  myrmekite  and  slightly  sericitized  plagioclase.  Quartz  forms  elon- 
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TABLE  4.  MODAL  ANALYSES  OF  HORNBLENDE  GRANITE  GNEISS  STANDARD 

SAMPLES,  CHARLES  LAKE  AREA 
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gated  blebs,  and  small,  rounded  inclusions  in  microcline  and  plagioclase.  Quartz 
grains  in  the  polycrystalline  blebs  commonly  show  sutured  margins,  and  are  moder¬ 
ately  strained,  but  not  granulated. 

Petrographic  classification  of  hornblende  granite  gneiss  indicates  a  pre¬ 
dominance  of  granodiorite  ranging  to  quartz  diorite. 

Comparison  of  the  average  mineralogical  composition  of  hornblende  granite 
gneiss  (Table  4)  and  hornblende  cataclasite  (Table  2)  shows  a  close  similarity  and 
a  possible  genetic  connection.  Though  the  mafic  mineral  content  in  the  two  rocks 
differs  appreciably,  the  differences  may  be  explained  on  the  basis  of  hydrothermal 
alteration  of  the  mafic  minerals  during  cataclasis.  Chemical  analyses  of  the  horn¬ 
blende  granite  gneiss  samples  are  not  available.  It  is  feasible  that  hornblende 
granite  gneiss  gives  rise  to  hornblende  cataclasite,  and  this  aspect  is  investigated 
and  elucidated  in  chapter  four. 

Biotite  Granite  Gneiss.  Biotite  granite  gneiss  is  the  predominant  rock-type  in  the 
study  area,  and  is  the  probable  parent  rock  for  mylonites  K,  L,  and  possibly  mylon- 
ite  M,  which  together  constitute  about  70  per  cent  of  the  mylonite  area.  The  dis¬ 
cussion  of  biotite  granite  gneiss  is  not  restricted  to  those  standard  samples  proximal 
to  the  crush  zones  by  virtue  of  the  widespread  distribution  of  mylonites  K  and  L  in 
biotite  granite  gneiss. 

Biotite  granite  gneiss  is  pink  to  red,  and  rarely  grey  on  fresh  and  weathered 
surfaces.  Two  types  of  biotite  granite  gneiss  are  recognized  by  the  character  of  the 
layering:  (i)  biotite  granite  gneiss  with  sharply-defined,  continuous,  1/2  to  10  inch¬ 
wide  mafic  layers  regularly  alternating  with  fine-  to  medium-grained,  granoblastic 
to  foliated,  felsic  interlayers  (Plate  2,d);  and  (ii)  biotite  granite  gneiss  with  less 
distinct  layering  defined  by  mafic  streaks  and  dispersed,  oriented  biotite  flakes 
(Plate  2,c).  The  former  variety  is  reminescent  of  sedimentary  layering  which  sugg¬ 
ests  that  much  of  the  granite  gneiss  terrain  is  derived  from  metasedimentary  rocks. 
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In  thin  section,  biotite  granite  gneiss  is  equigranular  to  prophyroblastic, 
well  foliated,  and  composed  of  interlocking  0.3  to  2  mm  grains  of  plagioclase, 
quartz,  potash  feldspar,  biotite,  chlorite,  and  epidote.  Plagioclase  is  abundant, 
slightly  sericitized  or  saussuritized,  commonly  forms  anhedral  to  subhedral  por- 
phyroblasts  2  to  4  mm  in  diameter,  and  is  rarely  antiperthitic.  Chessboard  albite 
(Plate  2,h)  is  rare,  and  myrmekite  is  present  in  most  samples.  Microcline,  or 
microcline  perthite,  or  both,  is  abundant  as  elliptical  to  augen-sahped  porphy- 
roblasts  2  to  5  mm  in  diameter,  which  tend  to  be  corroded  and  indented  and  en¬ 
closed  by  myrmekite  and  fine-grained  plagioclase.  Quartz  forms  polycrystalline 
lenticles,  rounded  inclusions  in  plagioclase  and  microcline  porphyroblasts,  and 
bulbous,  lenticular  porphyroblasts.  Biotite  flakes  are  generally  dark  brown, 
commonly  chloritized  along  cleavage  planes,  and  are  concentrated  and  oriented 
in  planes  to  produce  the  characteristic  gneissic  structure  of  the  rocks.  Small 
amounts  of  hornblende  are  present  in  several  samples  as  small,  dispersed  grains 
within  mafic  clots,  and  as  relict  grains  enclosed  by  chlorite.  The  irregular  dis¬ 
tribution  of  hornblende  in  parts  of  the  granite  gneiss  terrain  is  regarded  as  a 
function  of  differences  in  original  rock  composition  primarily,  and  to  a  less  ex¬ 
tent  on  the  grade  of  metamorphism.  One  sample  contains  about  2  per  cent  horn¬ 
blende  and  1  per  cent  cordierite,  a  mineral  association  indicative  of  the  horn¬ 
blende  granul  ite  facies  (Fyfe,  Turner,  and  Verhoogen,  1958,  p.  235).  Accessory 
minerals  make  up  to  1 .5  per  cent  of  the  rock,  and  mainly  consist  of  apatite,  sphene 
and  magnetite.  Allanite  is  common  in  several  samples  as  metamict,  anhedral  to 
euhedral  grains  with  an  epidote  rim. 

The  modal  analyses  of  13  samples  are  given  in  Table  5.  The  variation  in 
composition  is  relatively  small  for  a  rock  which  is  apparently  inhomogeneous  in 
the  field,  and  petrographic  classification  places  biotite  granite  gneiss  in  the  quartz 
monzonite  field  ranging  to  granodiorite.  Chemical  analyses  are  not  available. 
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TABLE  5.  MODAL  ANALYSES  OF  BIOTITE  GRANITE  GNEISS  STANDARD  SAMPLES,  THESIS  AREA 
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PLATE  2 

GRANITE  GNEISS  (BIOTITE  QUARTZ  MONZONITE  GNEISS 
AND  HORNBLENDE  GRANODIORITE  GNEISS) 


Migmatitic  hornblende  granodiorite  gneiss.  Field  photograph. 

Felsic  layers  are  highly  contorted  and  boudinaged.  Adja¬ 
cent  to  my  Ionite  P. 

"Pencil "  biotite  quartz  monzonite  gneiss.  Sample  61-434-5,  hand 
specimen.  Fine  mafic  laminations  are  reminiscent  of  pen¬ 
cil  lines.  Small  feldspar  augen  are  common.  Adjacent 
to  mylonite  P  bands. 

Biotite  quartz  monzonite  gneiss.  Standard  sample  90,  hand  spec¬ 
imen.  Alternating,  thin,  mafic  and  felsic  layers  with 
indistinct,  small,  feldspar  porphyroblasts. 

Biotite  quartz  monzonite  gneiss.  Standard  sample  107,  hand  spec¬ 
imen.  Alternating,  coarse-  mafic  and  felsic  layers. 

Blastomy Ionite .  Sample  Xl-d,  photomicrograph.  A  spherical, 
plagioclase  porphyroclast  with  undulatory  extinction, 
in  a  typical  blastomy  Ionite  matrix.  Mapped  as  mylonitic 
biotite  granite  gneiss.  Crossed  nicols,  x  10. 

Blastomylonite.  Sample  Xl-c,  photomicrograph.  Randomly  oriented 
microcl ine  fragments  which  were  part  of  a  large  microcline 
megacryst.  Note  the  deformation  lamellae  in  the  quartz 
grain  at  the  top-center.  Mapped  as  mylonitic  biotite 
granite  gneiss.  Crossed  nicols,  xlO. 

Hornblende  granodiorite  gneiss.  Sample  Xl-g,  photomicrograph. 

Typical  texture  of  unsheared  granite  gneiss.  Note  the  thin 
fracture  that  transects  the  rock  subparallel  to  the  twin 
lamellae  of  the  large  plagioclase  grain  in  the  center  and  is 
healed  successively  by  new  growth  of  the  host  grains. 

Cross  nicols,  x  10. 

Cheessboard  albite  in  granodiorite  gneiss.  Sample  Xl-g,  photo¬ 
micrograph.  Note  the  small,  altered  plagioclase  inclus¬ 
ions.  Crossed  nicols,  xlO. 
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My  Ionites  K  and  L 

Mylonites  K  and  L  are  commonly  interlayered  and  gradational  and  where 
both  rocks  are  represented  in  a  single  outcrop,  only  the  predominant  rock-type  is 
shown  on  the  map.  Field  mapping  on  this  basis  indicates  that  both  rock-types  comm¬ 
only  form  large  masses.  However,  mylonites  K  and  L  are  discussed  together  because 
of  th  eir  intimate  field  association  and  megascopic  similarity. 

Mylonite  K  bands  are  found  throughout  the  length  of  the  Charles  Lake  crush 
zone,  whereas  mylonite  L  bands  and  masses  are  restricted  to  the  northern  one-third 
of  this  cataclastic  zone.  Mylonite  K  is  predominant  and  commonly  encloses  isolated 
bodies  of  mylonite  L.  The  maximum  unbroken  length  of  mylonite  K  in  the  Charles 
Lake  area  is  8.5  miles,  from  the  southern  tip  of  the  peninsula  in  the  southeast  corner 
of  map-area  9,  to  Selwyn  Lake  and  the  Northwest  Territories  boundary;  the  max¬ 
imum  thickness  is  about  one  mile,  just  west  of  the  second  peninsula  south  of  the 
Northwest  Territories  boundary.  The  maximum  length  of  mylonite  L  is  about  one  and 
one-half  miles,  along  the  core  of  the  second  peninsula  south  of  the  Northwest  Terr¬ 
itories  boundary,  and  the  maximum  width  is  about  1,500  feet,  south-southwest  of 
the  northern-most  peninsula  of  Charles  Lake. 

The  distinction  between  mylonites  K  and  L  in  the  field  is  based  upon  the 
differences  in  size  and  amount  of  feldspar  megacrysts  -  megacrysts  in  mylonite  K  are 
rarely  more  than  5  mm  long,  and  form  less  than  5  per  cent  of  the  rock  volume  (Plate 
3,  a,  b,  c,d),  whereas  mylonite  L  has  two  generations  of  megacrysts,  1  to  5  mm  and 
10  to  15  mm  long,  that  comprise  about  5  to  8  per  cent  of  the  rock  (Plate  4,  a,b,c,d). 
Otherwise,  mylonites  K  and  L  are  similar:  fresh  surfaces  are  greyish  red  to  reddish 
black,  and  weathered  surfaces  are  generally  pink,  and  the  matrix  is  aphanitic,  felsic 
finely-laminated,  with  elliptical  to  spherical  and  augen-shaped  feldspar  megacrysts. 
Most  specimens  possess  mineralogical  and  colour  layering  (Plate  4,d)  which  is  rem¬ 
iniscent  of  the  probable  parent  rock,  biotite  granite  gneiss. 
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In  thin  section,  mylonites  K  and  L  are  composed  of  spherical  to  elliptical 
plagioclase  megacrysts  (Plate  3,e,f,h;  Plate  4,g),  polycrystalline  "eyes"  of  mic- 
rocline  and  microcline  perthite,  and  rounded  rock  fragments  set  in  a  finely-lam¬ 
inated  matrix  of  plagioclase,  quartz,  microcline,  epidote,  chlorite,  white  mica, 
and  biotite,  with  an  average  matrix  grain  size  ranging  between  0.005  to  0.04  mm. 
Both  mylonites  are  relatively  deficient  in  mafic  minerals  (Table  6)  with  2  to  10 
per  cent  combined  biotite,  chlorite,  and  epidote.  Plagioclase  megacrysts  are 
probably  relics  from  the  parent  rock  which  have  undergone  various  degress  of  al¬ 
teration  to  white  mica,  and  thorough  peripheral  abrasion;  grains  remain  intact,  and 
no  evidence  of  secondary  growth  is  noted.  Rare  rock  fragments  are  internally  gran¬ 
ulated,  and  contain  rounded,  and  corroded  microcline  megacrysts.  Potash  feldspar 
megacrysts  appear  to  have  a  complex  history:  many  of  the  small  single-crystal 
augen  and  rare  spherical  to  elliptical  megacrysts  may  have  formed  early  in  the 
metamorphic  history  prior  to  the  main  cataclastic  event,  whereas  polycrystalline 
megacrysts  chiefly  seen  in  mylonite  L,  may  have  crystallized  late  in  the  deform- 
ational  history,  resulting  in  lenticular,  polycrystal  I  ine  aggregates.  The  largest 
single-crystal  megacrysts  in  mylonites  K  and  L  are  exclusively  microcline.  Potash 
diffusion  from  the  matrix,  or  potash  metasomatism  is  responsible  for  the  prolific 
amounts  of  replacement  antiperthite  megacrysts.  The  amount  of  I^O  in  mylonite 
K  (Table  6)  falls  within  the  reported  range  of  potash  (Godfrey,  in  preparation)  in 
biotite  granite  gneiss  samples  adjacent  to  the  thesis  area,  and  therefore  it  seems 
unlikely  that  potash  metasomatism  has  affected  mylonite  K.  However,  mylonite  L 
is  highly  enriched  in  I^O  compared  with  mylonite  K,  and  correspondingly  stretched, 
boudinaged  microcline  megacrysts  are  abundant  in  mylonite  L  (Plate  4,a,g)  and  are 
rare  in  mylonite  K.  Several  microcline  megacrysts  in  mylonite  L  show  helicitic 
texture  formed  by  strings  of  quartz,  plagioclase,  and  biotite,  which  suggest  that 
potash  was  introduced,  producing  microcline  porphyroblasts  in  mylonite.  Corroded 
megacryst  margins  and  the  presence  of  myrmekite  along  the  periphery  of  the  larger 
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TABLE  6.  MODAL  AND  CHEMICAL  ANALYSES  OF  MYLONITES  K  AND  L 
STANDARD  SAMPLES,  CHARLES  LAKE  CATACLASTIC  BAND 


MYLONITE  K 

MYLONITE  L 

65 

71 

72 

95 

9b 

149 

Average 

85 

Q 

10 

21.8 

15 

32.0 

29.1 

15 

20.5 

15 

KFp 

40 

1.8 

20 

25.8 

23.3 

14 

20.8 

15 

PI 

40 

69.1 

45 

35.3 

37.9 

65 

48.7 

50 

Bio 

— 

— 

— 

2.7 

- 

- 

0.5 

2 

Chi 

5 

3.3 

— 

1.0 

6.1 

2 

3.0 

0.5 

Mu 

0.5 

0.3 

15 

1.0 

0.6 

1 

2.9 

17 

Ep 

5 

3.1 

4 

1.7 

1.7 

3 

3.1 

tr 

Cal 

- 

- 

- 

0.1 

0.2 

- 

0.1 

0.5 

Zr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

0.2 

0.3 

- 

- 

0.2 

- 

0.1 

— 

Al 

tr 

- 

- 

tr 

0.6 

0.1 

— 

Sph 

- 

0.3 

- 

- 

- 

- 

0.1 

— 

Lx 

— 

— 

- 

- 

- 

tr 

tr 

— 

Mag 

— 

0.4 

- 

0.6 

0.7 

- 

0.3 

tr 

Hem 

0.2 

- 

1 

- 

- 

0.2 

0.2 

0.5 

Py 

- 

- 

tr 

— 

tr 

No.  of  Points 

Estimate 

2,500 

Estimate 

2,500 

2,500 

Estimate 

- 

Estimate 

sio2 

TiO? 

68.74 

71.31 

68.35 

74.93 

70.83 

71.87 

0.24 

0.12 

0.42 

0.16 

0.24 

0.31 

Al203 

Fe203 

MnO 

16.71 

15.26 

14.88 

13.08 

14.95 

14,39 

2.37 

0.04 

1.32 

0.04 

3.66 

0.05 

1.48 

0.03 

2.21 

0.04 

1.91 

0.03 

MgO 

CaO 

0.99 

0.55 

1.77 

0.78 

1.02 

0.82 

2.35 

2.24 

1.40 

1.54 

1.88 

1 .37 

Na20 

k2o 

L  O  1 

7.48 

0.70 

4.61 

3.14 

3.85 

4.01 

3.22 

3.71 

4.79 

2.89 

2.91 

5.22 

0.75 

0.76 

1.09 

1.69 

1.07 

1.07 

p2°5 

0.10 

0.04 

0.11 

0.02 

0.07 

0.13 

Total 

100.47 

99.39 

99.59 

100.64 

99.99 

100.03 

(Chemical  analyses  by  G.  Schmitz) 
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microcline  megacrysts  is  the  result  of  recrystallization  of  the  matrix.  Hairlike  lam¬ 
inations  of  quartz  (Plate  3,6),  that  are  commonly  composed  of  granoblastic  and 
relatively  unstrained  grains,  form  by  post-deformational  diffusion  of  quartz  into 
loci  of  easiest  growth  which  correspond  to  foliation  planes.  Quartz  also  forms 
within  pressure  shadows  at  the  ends  of  megacrysts.  White  mica  and  chlorite  plates 
are  oriented  within  flow  planes  and  are  largely  responsible  for  the  finely  laminated 
fabric.  White  mica  as  finely  divided  muscovite  or  sericite,  is  derived  by  shearing 
and  hydrothermal  alteration  of  potash  feldspar  and  plagioclase  and  commonly  sheathes 
these  minerals.  Chlorite  is  a  product  of  hydrothermal  alteration  of  biotite.  In  my- 
lonite  K,  chlorite  and  epidote  are  common  and  biotite  is  rare,  contrasted  with  my- 
lonite  L  where  biotite  is  common,  chlorite  is  in  moderate  amounts,  and  epidote  is 
rare.  These  features,  plus  abundant  microcl ine  megacrysts,  suggest  mylonite  L 
formed  (i)  at  higher  temperature  than  mylonite  K,  and  (ii)  where  potash  was  intro¬ 
duced. 


The  distinction  between  my  Ionites  K  and  L  is  thus  based  upon: 


(i)  megacrysts  in  hand 
specimen 

(ii)  megacrysts  in  thin 
section 


(iii)  mineralogical  differ¬ 
ences 

(iv)  chemical  differences 

It  is  suggested  that 


Mylonite  K 

1  to  5  mm  diameter, 
less  than  3  per  cent  of 
rock 

smal  I ,  spherical  to 
elliptical  plagioclase; 
small,  lenticular  to 
ell iptical  m icrocl ine 

chlorite,  and  epidote 
common,  biotite  rare 

Na^O^O  approxi¬ 
mately  equals  5:3 

both  mylonites  K  and  L  were 


Mylonite  L 

1  to  5  mm,  and  10  to  15  mm 
diameter,  5  to  8  per  cent  of 
rock 

same  type  of  megacrysts  occur 
with  the  addition  of  large, 
lenticular  to  elliptical  micro¬ 
cline  megacrysts. 

biotite  common,  chlorite  less 
common,  epidote  rare 

NIQ2:t<2P  approximately 
equals  o:5 

derived  from  the  same  rock- 


type,  but  mylonite  L  was  situated  in  "hot  spots"  where  relatively  less  biotite  was  chlor- 
itized,  and  where  I^O  was  concentrated  either  in  the  parent  rock,  or  introduced 
into  the  crushed  rock. 
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The  effects  of  reactivated  fault  movement  are  noted  in  the  western  two- 
thirds  of  the  largest  island  south  of  the  northernmost  pneinsula  in  Charles  Lake.  All 
the  rock-types  on  the  island  were  affected,  and  secondary  cataclastic  rocks  have 
been  produced  (Plate  6,c).  Repeated  cataclasis  has  involved 

(i)  extensive  granulation  of  the  matrix  producing  cryptomylonite  (Plate  3,g), 

(ii)  introduction  and  subsequent  smearing  of  epidote, 

(iii)  rupture  of  feldspar  porphyroclasts  and  displacement  of  the  broken  frag¬ 
ments  (Plate  3,h),  and 

(iv)  the  development  of  rare  cryptomylonite  veins  of  the  same  composition 
as  the  host  my  Ionite  (Plate  3,d). 

The  rock  retained  its  coherance  during  this  later  phase  of  mylonitization,  consequent¬ 
ly  cataclasis  took  place  at  considerable  depth.  Reactivated  fault  movement  probably 
occurred  at  the  late-kinematic  stage,  under  conditions  of  high  confining  pressure 
which  prohibited  the  formation  of  open  fractures,  and  of  sufficiently  high  temperature 
to  allow  plastic  flow  (Plate  4,h),  and  likely  to  cause  partial  fusion  and  intrusion  of 
secondary  cryptomylonite  veins. 

The  last  cataclastic  effect  seen  in  some  mylonitic  rocks  is  the  development 
of  open  fractures  and  subsequent  filling  by  comb  quartz,  adularia,  vermicular  chlor¬ 
ite,  and  euhedral  epidote.  These  open  fractures  formed  during  the  post-kinematic 
history  of  the  mylonites  after  the  rocks  had  been  uplifted  to  a  high  level  in  the  earth's 
crust. 

Thin  section  study  establishes  mylonites  K  and  L  as  predominantly  crypto¬ 
mylonite  to  mylonite,  and  rarely  mylonite  gneiss. 

Chemical  analyses  of  biotite  granite  gneiss  samples  in  the  study  area  are 
unavailable,  but  the  average  chemical  analysis  of  10  biotite  granite  gneiss  samples 
from  the  adjoining  map-areas  is  given  in  Table  7.  Comparison  of  the  average  chem¬ 
ical  compositions  of  mylonites  K  and  L  (Table  6)  with  biotite  granite  gneiss  indicates 
a  close  similarity,  with  appreciable  differences  in  only  IN^O  and  I^O  which  may 
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PLATE  3 

MYLONITE  K 


a. 


b. 


c. 


d. 


e. 


f. 


g- 


h. 


Cryptomylonite.  Standard  sample  72,  hand  specimen.  Leuco- 
cratic,  aphanitic  matrix  with  an  indistinct,  single 
agglomeroporphyroclast  in  the  lower  left.  Note  the 
small-scale  fold  near  the  top. 

Mylonite.  Sample  63-579-8,  hand  specimen.  Leucocratic, 

finely  laminated  matrix,  with  broken  feldspar  porphyro- 
clasts.  Post-kinematic  shears  cut  the  rock  into  slightly 
displaced  segments. 

Secondary  cryptomylonite.  Sample  ll-d,  hand  specimen.  Mega¬ 
scopic  breccia  fragments  of  primary  mylonite  enclosed  by 
secondary  cryptomylonite. 

Cryptomylonite  in  mylonite.  Sample  1 1 — e ,  hand  specimen. 

Cryptomylonite  veins  form  an  inverted  V-shape  in  mylonite. 

Cryptomylonite.  Standard  sample  72,  photomicrograph.  Typical 
laminated,  highly  crushed  matrix,  with  many  uncrushed, 
angular  fragments.  Note  the  three  small  microcline  augen 
(dark  patches).  Crossed  nicols,  xIO. 

Mylonite.  Standard  sample  95,  photomicrograph.  Typical 

laminated,  highly  crushed  matrix,  with  many  elliptical 
feldspar  megacrysts.  Note  the  large,  rotated  hetero¬ 
geneous  megacrysts;  the  upper  one-half  is  microcline, 
and  the  lower  one-half  is  highly  sericitized  plagioclase. 
Plane  light,  xIO. 

Secondary  cryptomylonite.  Sample  1 1— f ,  photomicrograph. 

Highly  fragmented,  microcline  porphyroclast,  in  a 
pulverized,  poorly  laminated  matrix.  Crossed  nicols,  xIO. 

Mylonite  gneiss.  Sample  XIV-c,  photomicrograph.  A  micro¬ 
cline  megacryst  broken  into  three  slightly  displaced 
segments.  The  interstices  are  partly  filled  by  mylonitic 
matrix.  Crossed  nicols,  x  10. 


rr~3 


PLATE  3 


PLATE  4 


MYLONITE  L 


Mylonite.  Standard  sample  85,  hand  specimen.  Numerous 

elliptical  feldspar  megacrysts  in  an  aphanitic,  finely 
laminated  matrix. 

Mylonite.  Sample  ll-m,  hand  specimen.  Elliptical  feldspar 
megacrysts  in  a  fine-grained,  laminated  matrix 
Note  the  small-scale  fold  in  the  center. 

Mylonite.  Sample  61-464-9,  hand  specimen.  Spherical  to 

elliptical  megacrysts  in  a  fine-grained  matrix  showing 
flow  structure.  Note  the  Carlsbad  twinning  in  the  cen¬ 
ter  megacryst,  with  the  plane  (010)  subparallel  to  the 
foliation. 

Mylonite  gneiss.  Sample  61-464-7,  hand  specimen.  Feldspar 
augen  in  a  moderately  crushed  matrix  retaining  relict 
gneissic  layering.  Note  the  Carlsbad  twinning  in  the 
uppermost  megacryst,  with  the  twin  plane  (010)  sub¬ 
parallel  to  the  foliation. 

Cryptomy Ionite .  Standard  sample  78,  photomicrograph.  Micro- 
cline  megacryst  in  the  upper  half,  in  a  highly  crushed 
matrix.  Plagioclase  along  the  periphery  of  the  meg¬ 
acryst  shows  highly  deformed  twin  lamellae.  A  vein 
of  unstrained  quartz  grains  cuts  the  matrix  and  meqacryst 
Plane  light,  x  10. 

Cryptomy  Ion  ite .  Standard  sample  78,  photomicrograph.  Micro- 
cline  porphyroclast  with  corroded  ends,  in  a  highly 
crushed,  laminated  matrix.  Crossed  nicols,  xlO. 

Cryptomylonite.  Standard  sample  78,  photomicrograph.  A 
microcline  porphyroclast  is  distended  and  forms  two 
elliptical  porphy  roc  lasts  joined  by  a  trail  of  microcline. 
Fractures  in  the  matrix  are  filled  with  quartz,  but  the 
same  fractures  are  healed  by  potash  feldspar  where  they 
cut  the  largest  microcline  porphyroclast.  Plane  light, 
x  10. 

Mylonite.  Sample  ll-g,  photomicrograph.  Microfolds  of  micro¬ 
crystalline  quartz  layers,  in  a  highly  crushed,  finely 
laminated  matrix.  Crossed  nicols,  x  10. 
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reflect  their  high  mobility  in  metamorphic  rocks. 

Chemical  data  indicate  that  mylonites  K  and  L  may  be  derived  from  biotite 
granite  gneiss,  and  examination  of  this  probable  genetic  relationship  is  made  in  chap¬ 
ter  four. 

TABLE  7.  AVERAGE  CHEMICAL  COMPOSITION  OF  TEN  BIOTITE  GRANITE 
GNEISS  STANDARD  SAMPLES  FROM  MAP-AREAS  1  TO  4 


sio2 

70.83 

Ti02 

0.32 

AI2O3 

14.50 

Fe2°3 

3.02 

MnO 

0.05 

MgO 

0.87 

CaO 

1.44 

Na20 

3.45 

k2o 

4.90 

L.O.I. 

0.54 

P2°5 

0.09 

Total 

100.01 

(Chemical  analyses  by  H.A.  Wagenbauer). 


My  Ionite  P 


Mylonite  P  is  the  major  rock-type  of  the  Charles  Lake  crush  zone  and  is 
the  principal  cataclastic  rock  in  map-areas  10  and  1  1 .  The  main  band  of  mylonite 
P  extends  continuously  for  16  miles  along  the  east  side  of  Charles  Lake  to  Alexander 
Lake,  and  continues  beyond  the  southern  margin  of  the  map-area.  The  maximum 
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width  of  the  main  mylonite  P  band  is  about  4,000  feet,  located  north  of  Ells  Lake. 
Smal  ler,  paral  lei  bands  up  to  4  miles  long  and  1 ,600  feet  wide  are  located  west 
of  the  main  band. 

Mylonite  P  is  distinctive  and  uniform  in  the  field,  and  typically  contains 
megacrysts  with  bimodal  size  distribution  in  an  aphanitic  to  fine-grained,  greyish 
black  to  greenish  black  matrix.  The  larger-size  megacrysts  are  augen  and  sub- 
hedra  up  to  100  mm  long  (Plate  5)  and  oriented  within  the  foliation,  whereas  the 
smaller-size  megacrysts  are  spherical  to  elliptical  and  rarely  truncate  the  folia¬ 
tion.  The  larger  megacrysts  contain  numerous  biotite  and  plagioclase  inclusions, 
and  some  megacrysts  show  zonal  arrangement  of  both  biotite  (Plate  5,f)  and  plag¬ 
ioclase.  The  groundmass  is  rich  in  biotite  or  chlorite,  or  both,  and  is  well- 
laminated.  Matrix  grain  size  ranges  from  aphanitic  to  fine-grained,  and  with 
increasing  grain  size,  notably  biotite,  quartz  and  feldspar,  grades  into  granite 
F  (Plate  5,  e). 

Under  the  microscope,  mylonite  P  exhibits  mortar  texture  (Plate  6,c,e), 
with  rounded,  rotated,  and  strained  microcline  and  plagioclase  megacrysts  and 
rock  fragments  (Plate  6,a,b)  which  form  20  to  30  per  cent  of  the  rock  volume.  The 
matrix  is  finely  laminated,  and  consists  of  plagioclase,  quartz,  biotite,  microcline, 
muscovite,  and  chlorite.  Six  modal  analyses  (Table  8)  of  standard  samples  give 
approximate  mean  values  of  43  per  cent  plagioclase,  24  per  cent  quartz,  12  per 
cent  biotite,  1  1  per  cent  microcline  and  microcline  perthite,  5  per  cent  white 
mica,  4  per  cent  chlorite,  and  1  per  cent  epidote.  Average  matrix  grain  size 
ranges  from  about  0.01  mm  to  about  0.03  mm.  Microcline  forms  megacrysts  of 
two  generations,  the  larger  tend  to  be  subhedral  with  rare,  marginal  myrmekite,  and 
the  smaller  tend  to  be  elliptical-  to  augen-shape.  Many  microcline  megacrysts  show 
simple  twinning  on  the  Carlsbad  law,  with  the  010  twin  plane  parallel  to  the  fol¬ 
iation  plane.  Plagioclase  and  rock  porphy  roc  lasts  are  rounded,  augen  -  to  spherical  - 
or  elliptical-shape  and  range  from  0.5  to  5  mm,  whereas  quartz  forms  irregular  to 


y  t  )1  ;  >  '  1  f  (  X)o  1  bno  r>  r>|  :-ijfn  A  ci  Cu  jbnod  It  I  *n  q  0®^rr 

.  bnod  niom  sHt  }o 

>;  co  y!l  ©icyt  '  xol  )  r  rr<  ;nt  >no  svitoni  pb  ai  .inciyM 
Hc.y.  r  n  dic  an’  ot  jit.  r  pd  ni  noiludnltib  ox  s  ioboitiid  Htiw  i.t2yi3DQsrn 
.  j,  b  asp  to  sic  ata\*Don*s  f»  -if  tc  •  s  .  •■>  ’  *  *«  da  i  nssig  oi  dooH 

?  •*.  pt  jr  %no»  <d:  'oJ  t  n  p-v  b^n9**»o  bno  (£  gnol  mm  )0l  ol  qu  oibsH 

.i I ol  1  e fDvWvnt  yls  d*  bno  iDoiiiqiHs  ot  Ido*  ’©rlqi  sio  atayioogsm  ssu-isdom. 

a .  on  ••>!r.’o  qoic  b  o  9 1 i  i  .  :  ...  smufi  ni  oti  oo  ?t  yioogt  t*  isgiot  drlT  .noil 

-g-jO  bno  (}  vc  9i  il)  Mil  >i'.'  rlloc'  o  insmsg  iDv.3  lo  ^  i  z  aUyi^o^  hi.  smoa  ono 
i'lSNV  2  bno  ,|bod  K>  %  t'-!C  rta  -  9li1cid  r.  f  jil  *  D»<ib  iuoiq  »rfT  .®2o;do 

,vi  v  br  a  ^bsnipig-tnH  ol  :  tinoilqo  moit  ai^noi  ©sia  moig  xii  oM  .bstonimol 
if  o  }  otni  aebpig  xioqabL  br  >  rlioup  *«titoi  \!<i  ton  ,as?a  n'lDig  gniaosioni 

.(sx£  etoll)  3 

•  >  5%6  i  '-y\)  9 M  iom  el. d!  Ixs  ^  slinol  <fl  ,  »qoj«oiD»m  erll  isbn 

bno  atayioogsm  ®2d!d( •  griq  bno  ftiniooioim  b  rt  >ta  bno  xbstDtoi  %b®bnaoi  rfti  w 
srl  .u  lu^ov  >looi  9  '■  l  90  ~>q  Ob  ot  0$  rmo1  .)*>«r  v  (d^o^b  910-*'  a  ^omgo  ooi 

s^ig  2  )ic  if  >ta  to  '3  aide  }  i'vylono  lobom  xi  .sliio  dp  br  >  ^slivoi.aum 

-fioup  trur  '  v 9?ol v  gofq  .193  iaq  10  eauiov  p  •*  vtpnixoiqqo 

9.1  v  o  i  r  x  r.Hi  i'i  il.pc  ->inb  oonila  >  tnt>3  is;  I  xf  ti1cic  inso 
9pi  rie  g  31  ■  9  d  i>vA  .9!  1  193  I9q  10  xft^no(  I:  trio  laq  '  xDDim 

*0  1<  -  iDr.»i  ■  r*no3  9(ii  looi  .  .1  ••  ‘0.0  iuodo  ot  n  n  J0.:  !  co  Jo  •  k>i4  2990^1 

bno  tdli^otmym  lonigi  *m  ,9101  rltsw  iDibarldur  ©d  ot  boot  ’vegio!  •lit  x2noiioien9Q  owt 
wode  2i2\ioogern  anilooioim  ynoM  .aqorla-ndguo  ot  -iDoitqii  9  oci  c  '  ns'  iSMoma  er<1 

•  lc,  3flt  ot  islloicq  9  lip  .iwt  CIO  9rlt  dtiw  xwoi  bode  I  io.)  srlt  no  gninniwt  alqmia 

I  4  ot  -  n-jQuo  ,  i  >1  id  . 'joL>oiy.dq  oq  x>  bno  .joIoo  go! 1  .sno'q  noitoi 

*  •-•  sv  v  '«i*  d  c.  ?.i*  mo  it  porm  br.o  sqo:’?-  'ooiiqills  io 


36 


TABLE  8.  MODAL  AND  CHEMICAL  ANALYSES  OF  MYLONITE  P  STANDARD 
SAMPLES,  CHARLES  LAKE  CATACLASTIC  BAND 


99 

130 

132 

133 

145 

153 

Average 

Q 

23.9 

25 

17.3 

27.9 

25 

22.9 

23.7 

KFp 

7.0 

5 

11.1 

13.3 

20 

8.6 

10.8 

PL 

52.3 

40 

38.0 

40.3 

40 

46.6 

42.9 

Bio 

0.2 

20 

30.5 

13.0 

tr 

6.5 

11.2 

Chi 

9.7 

3 

0.9 

0.3 

5 

6.9 

4.3 

Mu 

6.0 

1 

1.0 

40 

10 

7.5 

4.9 

Ep 

0.4 

3 

0.8 

0.5 

tr 

0.4 

0.9 

Cal 

0.1 

- 

0.1 

0.4 

0.2 

tr 

0.1 

Zr 

0.1 

tr 

0.2 

tr 

tr 

tr 

0.1 

Ap 

0.1 

- 

0.4 

0.1 

- 

0.2 

0.1 

Al 

- 

tr 

- 

- 

- 

- 

tr 

Sph 

- 

- 

- 

0.1 

- 

0.8 

0.2 

Lx 

0.6 

- 

- 

- 

- 

0.2 

0.1 

Mag 

tr 

- 

0.1 

0.3 

tr 

0.1 

0.1 

Hem 

tr 

0.1 

— 

— 

tr 

— 

tr 

No.  of  Points 

2500 

Estimate 

2500 

2500 

Estimate 

2500 

- 

sio2 

67.74 

71.50 

69.52 

Ti02 

0.51 

0.44 

6.28 

0.41 

Al2°3 

15.68 

13.27 

14.48 

Fe2°3 

3.59 

3.35 

2.43 

3.12 

MnO 

0.07 

0.05 

0.07 

0.06 

MgO 

1.97 

1.66 

1.82 

CaO 

2.07 

1.40 

1.74 

Na20 

3.47 

3.01 

2.11 

2.85 

k2o 

3.25 

3.82 

4.88 

3.98 

L.0. 1. 

1.61 

0.78 

1.50 

1.30 

P2°5 

0.20 

0.16 

0.05 

0.14 

Total 

1 00 . 1 1 

- 

99.15 

i 

99.52 

(Chemical  analyses  by  G.  Schmitz) 
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bulbous  porphyroblasts.  Plagioclase  porphyroclasts  exhibit  bent  twin  lamellae,  and 
commonly  are  highly  sericitized.  The  presence  of  medium-grained,  granitic,  in- 
equigranular  rock  fragments  attests  to  the  character  of  the  parent  rock.  Replacement 
antiperthite  porphyroclasts  and  discordant  microcline  veinlets  are  effects  of  potash 
metasomatism  or  mobilization  of  potash  initially  present  in  the  rock. 

Deformation  must  have  continued  into  the  late  growth  history  of  the  large 
microcline  porphyroblasts  as  indicated  by  their  abraded  and  stretched  character, 
and  some  broken,  displaced  fragments.  Quartz  is  metamorphical ly  differentiated 
into  single  crystal  porphyroblasts  and  monomineralic  lenticles  which  probably  formed 
during  the  late  thermal  history  of  the  rocks  after  shearing  had  terminated.  Sericite 
slip  surfaces  around  plagioclase  porphyroclasts  (Plate  6,e)  give  indirect  evidence 
of  cataclasis. 

The  textural  classification  establishes  mylonite  P  as  a  true  mylonite,  though 
sample  133  contains  abundant  rock-fragment  augen,  and  may  be  classified  as  f laser 
gneiss  (Tyre 1 1 ,  1926). 

Thin  section  evidence  of  late-kinematic  deformation  is  seen  in  standard 
sample  153  which  shows  synchronous  folding  of  a  quartz  band  and  plagioclase  por- 
phyroclast  (Plate  6,f)  and  has  a  narrow  vein  of  cryptomylonite  with  angular  micro¬ 
breccia  fragments.  Post-kinematic  fractures  in  mylonite  Pare  filled  with  epidote, 
chlorite,  quartz  and  calcite. 

Inclusions  of  granite  gneiss,  metasedimentary  rocks,  and  amphibolite  are 
uncommon  in  mylonite  P  and  never  exceed  outcrop  dimensions.  Concordant  pegmatite 
and  aplite  layers  one  half  inch  to  2  feet  thick  are  rare,  and  tend  to  be  near  the  mar¬ 
gins  of  mylonite  P  masses. 

The  contact  between  mylonite  P  and  granite  F  is  completely  gradational 
with  the  transition  taking  place  over  a  distance  of  approximately  200  feet. 
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PLATE  5 

MYLONITE  P 


a.  Mylonite.  Field  photograph.  Numerous  large,  irregularly 

distributed,  microcline  megacrysts  with  all  gradations  in 
shape  from  anhedral  to  euhedral.  Note  the  thin,  feld- 
spathic  stringers  in  the  matrix,  and  the  feldspar  "tails" 
extending  from  the  ends  of  many  porphyroblasts. 

b.  Mylonite.  Sample  63-563-1 ,  hand  specimen.  Weathered 

surface,  showing  a  large,  subhedral  microcline  por- 
phyroblast  in  a  finely  laminated  matrix. 

c.  Mylonite.  Sample  63-563-4,  hand  specimen.  Weathered 

surface,  showing  large  microcline  porphyroclast  with 
displacement  along  a  fracture,  and  a  "tail"  extending 
from  the  end  of  the  crystal.  Note  the  generation  of 
smaller  feldspar  megacrysts  in  the  laminated  matrix. 

d.  Mylonite.  Sample  63-579-8,  hand  specimen.  Part  of  a  large, 

highly  fragmented  microcline  porphyroclast.  Note  the 
straight  mineralogical  banding  in  the  matrix. 

e.  Flaser  gneiss.  Standard  sample  133,  hand  specimen.  Abundant 

elliptical  to  augen-shaped  feldspar  megacrysts  and  rock 
fragments  in  a  well  laminated,  highly  recrystallized 
matrix. 

f.  Mylonite.  Sample  63-86-7,  hand  specimen.  Euhedral,  poikilo- 

blastic  microcline  with  zonal  arrangement  of  biotite 
inclusions. 

g.  Mylonite.  Sample  63-86-16,  hand  specimen.  Rounded  microcl ine 

megacrysts  with  numerous  biotite  inclusions.  Feld- 
spathic  streaks  are  bulged  by  late  growth  of  a  porphyroblast. 

h.  Mylonite.  Sample  63-578-15,  hand  specimen .  Rotated  microcl  ine 

porphyroclast  with  a  minimum  of  150  degrees  rotation  is 
indicated. 
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PLATE  6 

MYLONITE  P 


a.  Flaser  gneiss.  Standard  sample  133,  photomicrograph.  Augen- 

shaped,  granitic  rock  porphyroclast  with  a  slightly  strained 
plagioclase  megacryst.  Crossed  nicols,  x  10. 

b.  Flaser  gneiss.  Standard  sample  133,  photomicrograph.  Dis¬ 

torted,  lens-shaped,  equigranular,  granitic  rock  por¬ 
phyroclast.  White  bands  are  microcrystalline  quartz. 

Note  the  tightly  folded  quartz  band  at  the  lower  right. 
Crossed  nicols,  x  10. 

c.  Mylonite.  Standard  sample  132,  photomicrograph.  Elliptical 

microcline  porphyroclast  with  quartz  inclusions  and  quartz 
indentation,  in  a  typical  mylonitic  matrix.  Crossed  nicols, 
x  10. 

d.  Mylonite.  Sample  Vl-a,  photomicrograph.  Small,  elliptical, 

microcline  porphyroclast  is  derived  by  shearing  of  the 
megacryst.  The  upper  one-half  of  the  photograph  is 
microcline,  except  for  a  segment  in  upper  right;  in 
plane  light,  no  apparent  granulation  is  detected. 

Crossed  nicols,  x  10. 

e.  Mylonite.  Sample  IX-n,  photomicrograph.  Augen  structure 

with  white  mica  enclosing  plagioclase.  White  mica 
is  derived  from  the  plagioclase  porphyroclast.  Crossed 
nicols,  x  10. 

f.  Mylonite.  Standard  sample  153,  photomicrograph.  Folded  plag¬ 

ioclase  porphyroclast  conforms  to  the  shape  of  the  ad¬ 
jacent,  folded  quartz  band.  Crossed  nicols,  x  10. 

g.  Mylonite.  Standard  sample  132,  photomicrograph.  Euhedral 

plagioclase  megacryst  with  slight  marginal  granulation. 

The  megacryst  has  probably  been  rotated  90  degrees. 

Crossed  nicols,  x  10. 

h.  Mylonite  gneiss.  Sample  IX-m,  photomicrograph.  The  microcl  ine 

porphyroclast  in  the  upper  right  shows  marginal  granulation. 
The  small  microcline  fragments  are  incorporated  into  a 
quartzose  layer,  and  show  relative  displacement  to  the 
left.  Plane  light,  x  10. 
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Biotite  Granite  F 

The  distinction  between  mylonite  P  and  granite  F  in  the  field  is  based  upon 
texture,  matrix  grain  size,  and  megacryst  size  and  shape.  Granite  F  is  foliated  to 
granoblastic,  with  a  fine-  to  medium-grained  matrix,  and  subhedral  feldspar  porphyro- 
blasts  mainly  50  mm  long  (Plate  5,a,b).  Extreme  development  of  granite  F  consists 
of  a  porphyroblastic  rock  with  euhedral  porphyroblasts  up  to  150  mm  long  set  in  a 
granoblastic,  medium-  to  coarse-grained  groundmass.  Granite  F  has  maximum 
thickness  of  4,500  feet  in  the  east-central  region  of  map-area  10. 

Granite  F  is  almost  invariably  associated  with  mylonite  P,  however,  a  not¬ 
able  exception  is  the  isolated  body  of  granite  F  west  of  Selwyn  Lake. 

Thin  section  examination  of  granite  F  standard  samples  reveals  a  massive, 
porphyroblastic  texture.  The  matrix  consists  of  interlocking  0.5  to  1  mm  grains  of 
plagioclase,  quartz,  and  microcline,  and  poorly  oriented  muscovite,  biotite,  and 
chlorite.  Porphyroblasts  of  microcline  are  mainly  subhedral,  from  5  to  50  mm  long, 
containing  plagioclase  and  biotite  inclusions,  and  myrmekite  is  found  commonly  along 
the  corroded  margins.  Plagioclase  grains  are  commonly  from  2  to  3  mm  in  diameter, 
and  are  included  with  the  matrix.  Modal  analyses  (Table  9)  of  three  standard  samples 
give  approximate  values  of  42  per  cent  plagioclase,  31  per  cent  quartz,  1  1  per  cent 
biotite,  9  per  cent  microcline,  4  per  cent  chlorite,  2  per  cent  garnet,  0.6  per  cent 
white  mica,  and  0.1  per  cent  accessory  minerals.  Cataclastic  effects  in  granite  F 
consist  of  highly  strained  quartz  blebs  with  slightly  sutured  grain  boundaries,  bent 
twin  lamellae  in  plagioclase  porphyroblasts,  and  locally  a  slightly  granulated  matrix. 
Diaphthoretic  effects  include  the  partial  alteration  of  biotite  to  chlorite,  alteration 
of  garnet  to  sericite,  chlorite  and  for  biotite  (Plate  7,d,e,f),  and  the  slight  sericit- 
ization  of  feldspar.  Petrographic  classification  establishes  granite  F  as  porphyro¬ 
blastic  granodiorite. 

Comparison  of  granite  F  and  mylonite  P  characteristics  establishes  their  gen¬ 
etic  relationship.  Field  mapping  indicates  granite  F  is  the  parent  rock  of  mylonite  P, 
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TABLE  9.  MODAL  AND  CHEMICAL  ANALYSES  OF  BIOTITE  GRANITE  F 
STANDARD  SAMPLES,  CHARLES  LAKE  CATACLASTIC  BAND 


127 

129 

146 

Average 

Q 

30.4 

34.4 

29.5 

31.4 

KFp 

13.0 

10.7 

4.5 

9.4 

PI 

37.7 

40.4 

47.0 

41.7 

Bio 

5.7 

11.0 

1 6.8 

11.2 

Chi 

7.2 

3.0 

0.2 

3.5 

Mu 

1.8 

- 

- 

0.6 

Cal 

0.1 

- 

- 

tr 

Gt 

4.3 

- 

2.2 

2.2 

Zr 

tr 

tr 

- 

tr 

Ap 

- 

0.2 

- 

0.1 

Mag 

— 

— 

0.1 

tr 

No.  of  Points 

2500 

2500 

2500 

- 

sio2 

67.95 

65.21 

66,58 

Ti02 

0.50 

0.76 

0.63 

AI2O3 

15.51 

16.13 

15.82 

4.28 

4.99 

4.64 

MnO 

0.07 

0.06 

0.07 

MgO 

1.39 

2.48 

1.94 

CaO 

2.30 

3.22 

2.76 

Na20 

3.05 

2.81 

2.93 

k2o 

2.93 

3.20 

3.07 

L.O.I. 

1.16 

0.76 

0.96 

P2°5 

0.12 

0.17 

0.15 

Total 

99.28 

99.79 

99.55 

(Chemical  analysis  by  G.  Schmitz) 
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and  a  systematic  gradation  is  observed.  The  modal  analyses  of  mylonite  P  and  granite 
F  (Tables  8  and  9)  indicate  a  similarity  of  the  essential  minerals  microcline,  plagio- 
clase,  and  biotite,  although  quartz  is  appreciably  more  abundant  in  granite  F.  White 
mica,  mainly  in  the  form  of  sericite,  is  relatively  more  abundant  in  mylonite  P,  but  is 
simply  a  function  of  the  degree  of  shearing  affecting  feldspar.  Garnet  is  common  as 
fresh  to  highly  altered  porphyroblasts  in  two  of  the  three  standard  samples  of  granite 
F ,  and  the  lack  of  garnet  in  mylonite  P  is  explained  by  diaphthoresis  during  mylon- 
itization  of  the  granite  F  parent  rock.  Finally,  the  presence  of  epidote  in  mylonite 
P  and  absence  in  granite  F  is  evidence  of  retrogressive  effects  whereby  lime  was 
likely  released  from  the  plagioclase  during  cataclasis. 

Megacrysts  in  mylonite  P  hand  specimens  are  mainly  feldspar  augen  that 
denote  syntectonic  origin,  but  rare  subhedral  porphyroblasts  imply  continuous  growth 
until  deformation  subsided.  Thin  section  examination  reveals  extensive  development 
of  replacement  antiperthite  in  mylonite  P.  The  average  values  of  two  chemical  ana¬ 
lyses  of  granite  F  (Table  9)  compared  with  two  complete  and  one  partial  analysis  of 
mylonite  P  (Table  8)  indicate  that  I^O  is  enriched  and  about  the  same  amount  of  CaO 
is  lost  in  the  transition  from  granite  F  to  mylonite  P.  IS^O  is  essentially  the  same 
in  both  rocks. 

Thus,  field  observations,  microscopic  examination,  and  chemical  analyses 
indicate  a  complex  history  for  the  feldspar  megacrysts  in  granite  F  and  mylonite  P. 

A  syntectonic,  porphyroblastic  granite,  produced  by  granitization  of  a  sequence  of 
sedimentary  rocks  was  crushed  along  a  north-trending  shear  zone  to  produce  mylonite 
P.  Under  conditions  of  relaxed  stress,  reactivated  growth  of  microcline  megacrysts 
and  potash  migration  into  the  mylonite  zone  resulted  in  subhedral  to  euhedral  micro¬ 
cline  growth  and  replacement  antiperthite  in  mylonite  P. 

Minor  rock  constituents  in  granite  F  include  lenses  and  layers  of  amphibolite, 
impure,  thin  quartzo-feldspathic  layers.  The  impure  quartzite  remnants  in  the  main 
band  of  granite  F  are  commonly  in  the  form  of  digitations  from  the  continuous  band 
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PLATE  7 

GRANITE  F  (PORPHYROBLASTIC  GRANODIORITE) 


a.  Porphyroblastic  granodiorite.  Field  photograph.  Anhedral  to 

subhedral  microcline  porphyroblasts  in  a  foliated  matrix. 

b.  Porphyroblastic  granodiorite.  Standard  sample  127,  hand  spec¬ 

imen.  Anhedral  to  subhedral,  smal l-size  feldspar 
porphyroblasts  in  a  medium-grained,  foliated  matrix. 

c.  Porphyroblastic  granodiorite.  Sample  V-g,  photomicrograph. 

A  plagioclase  porphyroblast  with  deformation  twinning 
in  a  medium-grained  matrix  which  is  partly  granulated. 
Note  the  highly  sutured  boundaries  between  quartz 
grains  in  the  upper  left.  Crossed  nicols,  x  10. 

d.  Porphyroblastic  granodiorite.  Standard  sample  127,  photo¬ 

micrograph.  Garnet  porphyroblasts  in  a  moderately 
granulated  matrix.  Sericite  alteration  is  developed 
along  the  fractures.  Crossed  nicols,  x  10. 

e.  Porphyroblastic  granodiorite.  Standard  sample  127,  photo¬ 

micrograph.  Highly  poikiloblastic  garnet  shows  alter¬ 
ation  to  biotite  and  sericite.  Quartz  (white)  and 
feldspar  (grey)  enclose  garnet.  Plane  light,  x  10. 

f.  Porphyroblastic  granodiorite.  Standard  sample  127,  photo¬ 

micrograph.  Relict  garnet  islands  (high  relief  grains, 
to  the  left  of  centre)  in  a  sericite  mat.  Quartz, 
plagioclase,  and  biotite  are  other  prominent  minerals 
in  the  photomicrograph.  Plane  light,  x  10. 
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of  impure  quartzite  along  the  eastern  contact  of  granite  F.  Metasedimentary  rocks 
are  absent  along  the  western  contact  between  the  sheared  equivalents  of  granite  F 
and  granite  gneiss.  Metasedimentary  rocks  were  conceivably  located  along  the 
western  contact  before  granite  F  and  granite  gneiss  were  deformed  to  my  Ionite  P  and 
mylonite  K  respectively,  and  were  incorporated  into  the  shear  zone.  Alternatively, 
granite  gneiss  and  granite  F  were  in  contact  prior  to  deformation,  and  faulting  with 
crushing  resulted  in  a  mylonite  K  -  mylonite  P  contact. 

Arch  Lake  Mylonite 

Felsic  mylonite  within  Arch  Lake  granite  forms  two  lenses,  one  near  Arch 
Lake  in  map-area  10,  and  another  west  of  Cornwall  Lake  in  map-area  1 1 .  The  map- 
legend  for  maps  10  and  1 1  designates  these  mylonite  lenses  as  mylonite  L,  but  the 
term  Arch  Lake  mylonite  is  adopted  in  this  thesis  to  emphasize  the  genetic  relationship 
with  Arch  Lake  granite. 

Arch  Lake  mylonite  hand  specimens  ressemble  rhyolite  or  chert,  and  conchoidal 
fracture  surfaces  are  light  green.  Textural  ly,  the  mylonite  is  aphanitic,  faintly  lam¬ 
inated,  and  slightly  to  highly  porphyroclastic.  Under  the  microscope,  the  mylonite 
comprises  angular  to  subrounded,  anhedral  porphyroclasts  of  microcline,  plagioclase, 
quartz,  and  glomeroporphyroclasts  of  partly  crushed  parent  rock,  set  in  a  crypto¬ 
crystalline  matrix  (Plate  8,g)  of  quartz,  microcline,  plagioclase,  chlorite,  and  mus¬ 
covite.  No  standard  sample  of  Arch  Lake  mylonite  exists,  consequently  no  chemical 
analysis  is  available.  Flowever,  mineralogical  and  X-ray  fluorescence  data  of  Arch 
Lake  mylonite  samples  are  given  in  chapter  four.  The  matrix  is  unlaminated  with  av¬ 
erage  grain  size  less  than  0.01  mm  which  petrographically  classifies  Arch  Lake  my¬ 
lonite  as  cryptocataclasite. 

Arch  Lake  mylonite  grades  into  sheared  Arch  Lake  granite  through  a  cross¬ 
strike  distance  of  about  20  feet. 
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Arch  Lake  Granite 

Arch  Lake  granite  is  named  after  Arch  Lake  located  in  the  northern  part  of 
the  granite  body  which  forms  a  continuous  mass  along  the  western  margin  of  map-areas 
9,  10,  and  11 .  The  granite  extends  southerly  from  the  southwest  corner  of  map-area  9 
for  19  miles  and  continues  for  an  unknown  distance  beyond  the  southern  margin  of  the 
thesis  area.  The  eastern  boundary  is  defined  by  the  contact  with  granite  gneiss, 
whereas  the  westward  extent  of  the  body  is  uncertain  as  indicated  by  Riley  (1960) 
who  mapped  the  Arch  Lake  granite  as  a  phase  of  the  large  plutonic  mass  located 
predominantly  west  of  the  thesis  area. 

Arch  Lake  granite  is  texturally  distinctive,  with  elongate,  subhedral  to 
euhedral  feldspar  megacrysts  that  are  commonly  aligned  in  a  foliated,  medium-grained, 
felsic  matrix  (Plate  8/a).  Dark  red  plagioclase  grains  in  the  matrix  are  dusted  by  hem¬ 
atite.  The  granite  tends  to  be  subequigranular  and  massive  in  the  interior  of  the  mapped 
body.  The  weathered  surface  is  pink,  whereas  the  fresh  surface  is  dark  reddish  grey. 

In  thin  section,  Arch  Lake  granite  comprises  abraded,  anhedral  to  subhedral,  stretched 
microcline  megacrysts  set  in  a  foliated,  sheared  matrix  of  plagioclase,  quartz,  microcline, 
biotite,  chlorite,  muscovite,  and  epidote  (Plate  8, b,c,d, e,f).  Examination  of  five 
standard  samples  from  throughout  the  granite  body  indicates  that  deformation  has  played 
an  important  role  in  the  history  of  Arch  Lake  granite.  Microcline  megacrysts  are  elong- 
ate-subhedral  (Plate  8,c),  to  rounded,  ovoid  (Plate  8,d),  and  lens  shaped  (Plate  8,e) 
with  shadowy  extinction,  and  bent  composition  planes  of  Carlsbad  twin  crystals.  The 
matrix  is  subequigranular  (Plate  8,b)  to  highly  inequigranular  (Plate  8,c),  depending 
upon  the  degree  of  cataclasis,  and  average  matrix  grain  size  ranges  from  0.  1  to  1  mm. 

The  matrix  in  all  standard  samples  exhibit  shear  phenomena,  and  the  amount  of  crushed 
matrix  ranges  from  about  10  to  50  per  cent.  Thorough  recrystallization  of  the  matrix 
results  in  equigranular,  fine-grained  crystals,  with  grain  size  ranging  from  0.1  to  0.3  mm, 
surrounding  the  coarse-grained  (1  to  2  mm)  crystals  and  megacrysts. 

Five  modal  and  two  chemical  analyses  of  Arch  Lake  granite  standard  samples 
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PLATE  8 

ARCH  LAKE  MYLON1TE  (CRYPTOCATACLASITE)  AND 
ARCH  LAKE  GRANITE  (PORPHYRITIC  QUARTZ  MONZONITE) 


a.  Arch  Lake  granite.  Standard  sample  100,  hand  specimen.  Eu- 

hedral  to  subhedral,  tabular,  microcline  megacrysts 
showing  lineation. 

b.  Porphyritic  quartz  monzonite.  Standard  sample  121,  photomic¬ 

rograph.  Typical  texture.  Crossed  nicols,  x  10. 

c.  Porphyritic  quartz  monzonite,  sheared.  Standard  sample  155, 

photomicrograph.  Large  microcline  megacryst  with 
simple  twinning,  granulated  grain  margin.  Crossed 
nicols,  x  10. 

d.  Porphyritic  quartz  monzonite,  sheared.  Standard  sample  155, 

photomicrograph.  Large,  elliptical  microcline  crystal 
with  selvage  of  polycrystal  I  ine  plagioclase.  Plane 
light,  x  10. 

e.  Porphyritic  quartz  monzonite,  sheared.  Standard  sample  155, 

photomicrograph.  Large,  lenticular,  polycrystalline 
microcline  megacryst  in  the  centre.  Plane  light,  x  10. 

f.  Porphyritic  quartz  monzonite,  sheared.  Sample  Vlll-b,  photo¬ 

micrograph.  Large,  strained,  and  fractured  plagioclase 
and  microcline  megacrysts.  Crossed  nicols,  x  10. 

g.  Cryptocataclasite.  Sample  VIII  — e ,  photomicrograph.  Unstrained, 

granoblastic  quartz  vein  cuts  the  cryptocrystalline  ground- 
mass.  Crossed  nicols,  x  10. 

h.  Cryptocataclasite.  Sample  Vlll-f,  photomicrograph.  Large,  angular, 

cryptocataclasite  breccia  fragment  in  cryptocataclasite. 

Note  the  cryptocataclasite  vein  in  the  centre  of  the  photo¬ 
micrograph.  Plane  light,  x  10. 
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TABLE  10.  MODAL  AND  CHEMICAL  ANALYSES  OF  ARCH  LAKE  GRANITE 
STANDARD  SAMPLES,  WEST  OF  CHARLES  LAKE 


100 

121 

131 

148 

155 

^erage 

Q 

21.9 

19.4 

44.9 

22.8 

33.6 

28.5 

KFp 

45.6 

42.0 

16.8 

37.4 

26.4 

33.6 

PI 

26.6 

32.5 

29.1 

30.8 

26.5 

29.1 

Bio 

1.9 

3.3 

3.6 

5.0 

6.9 

4.1 

Chl 

1.7 

0.9 

0.7 

1.0 

0.6 

1.0 

Mu 

2.0 

0.9 

3.5 

1.7 

5.9 

2.8 

Ep 

0.1 

0.3 

1.4 

0.6 

tr 

0.5 

Cal 

0.1 

- 

0.2 

0.1 

- 

0.1 

Ar 

0.1 

- 

tr 

- 

tr 

tr 

Ap 

- 

- 

- 

0.2 

- 

tr 

Al 

- 

- 

tr 

tr 

tr 

tr 

Sph 

- 

0.2 

0.1 

- 

0.2 

0.1 

Lx 

- 

0.1 

0.1 

- 

tr 

Mag 

0.2 

0.1 

0.1 

0.5 

tr 

0.2 

Hem 

X 

X 

X 

X 

X 

X 

Gt 

- 

- 

— 

tr 

tr 

No.  of  points 

2,500 

2,500 

2,500 

2,500 

2,500 

- 

* 

*  * 

sio2 

67.80 

70.8  7 

69.34 

69.35 

72.31 

Ti02 

0.48 

0.1  0 

0.29 

0.35 

0.33 

ALO« 

15.26 

15.26 

15.26 

14.27 

12.67 

f4o33 

3.18 

1.60 

2.39 

3.55 

4.16 

MnO 

0.04 

0.02 

0.03 

0.07 

0.11 

MgO 

1.28 

0.58 

0.93 

1.13 

0.40 

CaO 

1.77 

1.15 

1.46 

2.18 

1.65 

Na20 

3.26 

2.86 

3.06 

2.95 

3.27 

k2o 

5.61 

5.61 

5.61 

5.36 

4.42 

L.O.I. 

0.87 

0.70 

0.79 

0.55 

0.75 

P2°5 

0.29 

0.1  0 

0.20 

0.17 

0.07 

Total 

99.75 

98.33 

99.36 

99.94 

100.14 

(Chemical  analyses  by  G.  Schmitz) 

*  Average  of  23  granites.  Johannsen,  1932,  p.  193.  The  term  "granites" 
includes  granites  and  quartz  monzonites. 


**  Average  of  11  rapakivi  granites.  Johannsen,  1932,  p.  247 
x  Mineral  present. 
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are  given  in  Table  10.  The  wide  range  of  modal  quartz  and  microcline  may  be  ex¬ 
plained  by  the  coarse  grain-size  and  the  irregular  distribution  of  quartz  blebs  and 
microcline  megacrysts,  so  that  the  mineralogical  differences  may  not  represent  marked 
changes  in  bulk  chemical  composition.  The  average  mineralogical  composition  com¬ 
prises  about  34  per  cent  microcline  29  per  cent  quartz,  29  per  cent  plagioclase,  4 
per  cent  biotite,  3  per  cent  white  mica,  and  1  per  cent  chlorite,  which  classifies 
the  rock  as  quartz  monzonite.  The  average  chemical  composition  compares  favour¬ 
ably  to  Johannsen's  (1932,  p.  193)  average  of  23  granites  and  quartz  monzonites. 

Rapakivi-type  texture  is  developed  (Plate  8,d)  where  ovoid  microcline 
megacrysts  are  mantled  with  polycrystalline  plagioclase  grains.  The  absence  of 
euhedra!  quartz,  evidence  of  cataclasis,  and  the  presence  of  megacryst  alignment 
disqualifies  the  classification  of  Arch  Lake  granite  as  a  rapakivi  granite  (Turner  and 
Verhoogen  1960,  pp.  368-370;  Johannsen,  1932,  pp.  243-248.  However,  the 
position  of  Arch  Lake  granite  as  a  marginal  phase  of  a  large  plutonic  mass  lying  to 
the  west  is  in  accord  with  some  occurrences  of  rapakivi  granite  (Turner  and  Verhoogen, 
1960,  p.  368). 

Raisin  Granite 

An  elongate  mass  of  raisin  granite  in  the  northwest  part  of  the  Charles  Lake, 
North  map-area  is  the  northernmost  phase  of  a  continuous,  composite  granitic  band 
along  the  western  margin  of  the  Charles  Lake,  North,  Central,  and  South  map-areas. 

The  presence  of  numerous,  isolated  feldspar  porphyroclasts  in  a  green,  finely- 
laminated,  chloritic  matrix  is  typical  (Plate  9, a),  and  the  texture  is  reminescent  of 
raisins  spilled  onto  a  flat  surface.  The  feldspar  porphyroclasts  are  spheiical  to  augen- 
shaped,  and  chiefly  range  from  2  to  6  mm  in  size.  Remnants  of  the  porphyritic,  med 
ium-grained  parent  rock  are  present,  and  fresh  surfaces  are  dark  grey  due  to  abundant 

biotite. 

Thin  section  study  of  two  raisin  granite  standard  samples  and  additional  samp- 
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TABLE  1 1 .  MODAL  AND  CHEMICAL  ANALYSES  OF  RAISIN 
GRANITE  STANDARD  SAMPLES,  WEST  OF  CHARLES  LAKE 


84 

91 

Average 

Q 

25.7 

24.5 

25.1 

KFp 

9.2 

2.7 

6.0 

PI 

49.8 

64.3 

57.1 

Bio 

- 

2.9 

1.5 

Chi 

9.3 

1.4 

5.4 

Mu 

2.2 

3.6 

2.9 

Cal 

0.1 

0.6 

0.4 

Zr 

0.1 

— 

0.1 

Ap 

0.3 

- 

0.2 

Al 

- 

tr 

tr 

Sph 

0.1 

- 

0.1 

Lx 

- 

0.2 

0.1 

Mag 

- 

0.2 

0.1 

No.  of  Points 

2,500 

2,500 

- 

SiOo 

66.61 

66.61 

* 

67.86 

Ti02 

0.61 

0.61 

0.51 

ai2o3 

15.26 

15.26 

14.97 

Fe203 

5.09 

5.09 

3.93 

MnO 

0.03 

0.03 

0.05 

MgO 

2.01 

2.01 

1.38 

CaO 

2.30 

2.30 

2.82 

Na^O 

3.03 

3.03 

3.29 

k96 

3.12 

3.12 

3.58 

L.O.I. 

1.86 

1.86 

0.90 

P2°5 

0.12 

0.12 

0.17 

Total 

100.04 

100.04 

99.46 

(Chemical  analyses  by  G.  Schmitz) 


* 


Average  granodiorite.  Johannsen,  1932,  p.  331.  Average  of  24  samples. 
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PLATE  9 

RAISIN  GRANITE  (FLASER  GRANODIORITE) 


a-  Raisin  granite  (Flaser  granodiorite).  Standard  sample  84,  hand  spec¬ 

imen.  Abundant  2  to  6  mm  feldspar  porphyroclasts  and 
rock  fragments  in  a  laminated,  chloritic  matrix. 

b.  Flaser  granodiorite.  Standard  sample  84,  photomicrograph.  Ell¬ 

iptical  to  augen-shaped  plagioclase  and  microcline  por¬ 
phyroclasts  in  a  highly  crushed  matrix  with  wavy,  micro¬ 
crystalline  quartz  bands  (light)  and  chlorite-rich  bands 
(dark).  Crossed  nicols,  xlO. 

c.  Flaser  granodiorite.  Sample  IV-a,  photomicrograph.  An  augen- 

shaped,  uncrushed  rock  fragment  (top-center)  enclosed  in 
a  quartzose,  highly  crushed  matrix.  The  matrix  shows 
less  cataclasis  than  the  previous  sample.  Crossed  nicols, 
x  10. 

d.  Flaser  granodiorite.  Sample  IV-b,  photomicrograph.  Two  strained, 

bent  biotite  books  (left  of  center,  and  top-right  of  center) 

in  a  highly  crushed  matrix  consisting  of  quartz,  plagioclase, 
biotite,  cnlorite,  and  white  mica.  Note  deformation  twinn¬ 
ing  in  the  quartz  grain  in  the  bottom  center.  Crossed  nicols, 
x  25. 

e.  Flaser  granodiorite.  Sample  IV-b,  photomicrograph.  A  rounded 

plagioclase  porphyroclast  with  bent  twin  lamellae,  in  a 
highly  crushed  matrix.  Note  simple  twinning  in  the  plag¬ 
ioclase  porphyroclast  at  the  bottom  right.  Crossed  nicols, 
x  10. 

f.  Garnetiferous  porphyroclastic  granodiorite.  Sample  IV-c,  photo¬ 

micrograph.  A  large-size  microcline  porphyroclast  shows 
development  of  white  mica  along  the  periphery  and  fractures. 
The  matrix  shows  moderate  crushing.  Crossed  nicols,  x  10. 

g.  Porphyritic  quartz  diorite.  Standard  sample  91 ,  photomicrograph. 

A  euhedral,  zoned,  plagioclase  phenocryst  with  quartz 
embayments  along  the  top  and  bottom  of  the  crystal  is 
enclosed  in  a  polycrystalline  aggregate  of  quartz  showing 
highly  sutured  grain  margins.  Crossed  nicols,  x  25. 

h.  Porphyritic  quartz  diorite.  Standard  sample  91 ,  photomicrograph. 

A  microcline  perthite  megacryst  (in  the  center)  is  largely 
replaced  by  plagioclase  (light)  leaving  irregular  blebs  and 
wisps  of  unreplaced  material  (dark).  Note  the  development 
of  f  ine-grained  white  mica  along  the  periphery  of  the  meg¬ 
acryst.  Crossed  nicols,  x  25. 


PLATE  9 
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les  from  scattered  locations  shows  that  a  complete  textural  gradation  exists  from  mass¬ 
ive,  unsheared,  porphyritic  granodiorite  (Plate  9,g,h)  to  laminated,  highly  sheared, 
flaser  granodiorite  (Plate  9,b).  The  massive,  unsheared  phase  has  about  60  per  cent 
subhedral  to  euhedral  phenocrysts*  (Plate  9,g)  comprising  plagioclase  and  microcline 
about  4  mm  in  diameter,  in  a  medium-grained,  granitic  matrix  with  numerous,  irr¬ 
egular,  polycrystalline,  medium-grained  quartz  blebs.  Progressive  shearing  causes 
rounding  and  decrease  in  size  and  quantity  of  the  feldspar  megacrysts.  The  most 
intensely  sheared  phase  contains  about  35  per  cent  porphyroclasts  with  an  average 
diameter  of  2  mm,  in  a  crushed  matrix  that  constitutes  about  50  per  cent  of  the  rock 
and  has  an  average  grain  size  of  0.02  mm.  Microcline  megacrysts  are  commonly 
highly  albitized  (Plate  9,h),  and  sericitized  in  both  unsheared  and  sheared  phases. 

The  irregular  quartz  blebs  of  the  unsheared  phase  show  the  most  pronounced  cata- 
clastic  effect,  with  comminution  and  recrystallization  giving  rise  to  ’’shoestring" 
quartz  that  bends  around  feldspar  porphyroclasts  (Plate  9, b).  Biotite  is  unstrained 
in  porphyritic  granodiorite,  strained  and  contorted  in  moderately  sheared,  flaser  gran¬ 
odiorite  (Plate  9, d),  and  pulverized  and  chloritized  in  flaser  granodiorite. 

Sample  IV-c  has  about  2  per  cent  garnet  enclosed  by  sericite  and  biotite 
mats.  The  proximity  of  this  sample  to  a  lens  of  impure  quartzite  (see  Charles  Lake, 
North  map-sheet)  suggests  that  partial  assimilation  of  metasedimentary  rock  by  granitic 
magma  has  resulted  in  a  contaminated  zone  around  the  inclusion, and  has  crystallized 
garnet.  Harker  (1950,  p.  300)  states  that  garnet  is  a  characteristic  constituent  of 
granitic  rocks  crystallized  or  recrystallized  under  high  pressure  and  stress;  however, 
the  presence  of  garnet  in  only  one  sample  of  raisin  granite  is  not  explained  by  Harker's 

observation . 

Two  modal  analyses  and  one  chemical  analysis  of  raisin  granite  standard  sam- 

*  Phenocryst:  a  large  crystal  in  a  finer-grained  igneous  rock. 
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pies  are  given  in  Table  1 1 .  Modal  analyses  classify  raisin  granite  as  granodiorite, 
and  the  similarity  of  the  chemical  analysis  of  sample  84  and  Johannsen's  average 
granodiorite  (Johannsen,  1932,  p.  331)  confirms  th  is  classification. 

Biotite  "q"  Granite 

Biotite  "q"  granite  is  present  as  narrow  layers,  lenses,  and  bulbous  masses 
in  map-areas  5,  6,  and  7,  and  is  most  common  in  map-area  5,  where  numerous,  is¬ 
olated  masses  are  restricted  to  the  area  west  of  a  line  through  Logan  Lake,  Treasure 
Loch,  and  Ashton  Lake.  Biotite  "q"  granite  is  intrusive  into  most  of  the  major 
lithologies  and  contains  inclusions  of  these  rocks.  Continuous  layers  several  feet 
thick  are  commonly  interlayered  with  granite  gneiss  which  indicates  the  granite  was 
intruded  in  a  mobile,  liquid  state.  Apparently,  biotite  "q"  granite  is  one  of  the 
youngest  major  rock-types  in  the  thesis  area,  and  evidence  of  mylonitization  is  lack¬ 
ing  in  this  rock. 

Biotite  "q"  granite  is  textural  ly  distinctive,  with  abundant,  equant,  an- 
hedral  to  subhedral  feldspar  phenocrysts,  mainly  6  mm  in  size,  in  a  medium-grained, 
massive  to  foliated  matrix  consisting  of  quartz,  feldspar,  biotite,  and  muscovite.  Hand 
specimens  of  biotite  "q"  granite  and  unsheared  phases  of  raisin  granite  are  similar,  but 
mapping  shows  no  apparent  evidence  of  a  genetic  association. 

Modal  analysis  of  a  single  sample  (Table  12)  from  map-area  5  shows  that  the 
rock  may  be  petrographical ly  classified  as  quartz  monzonite,  and  the  chemical  ana¬ 
lysis  is  similar  to  Nockolds'  (1954,  p.  1014)  biotite  adamellite  (quartz  monzonite). 
Comparison  of  biotite  "q"  granite  with  raisin  granite  shows  that  in  the  modal  analyses 
the  former  is  distinctly  more  acid,  with  more  quartz  and  potash  feldspar,  and  less 
plagioclase  than  in  raisin  granite,  whereas  chemical  data  discloses  appreciably  higher 
Si02  and  l<20,  and  less  A^CXj,  Fe^,  MgO,  and  CaO  than  in  raisin  granite. 

Field  and  laboratory  criteria  indicate  no  obvious  genetic  relationship  between 
biotite  "q"  granite  and  raisin  granite.  However,  both  rocks  have  crystallized  from 
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TABLE  12.  MODAL  AND  CHEMICAL  ANALYSES  OF  A  BIOTITE  "Q" 
GRANITE  STANDARD  SAMPLE,  EAST  OF  CHARLES  LAKE 


76 

Q 

31.2 

KFp 

34.8 

PI 

24.1 

Bio 

5.8 

Chi 

0.7 

Mu 

1.0 

Ep 

0.2 

Zr 

tr 

Ap 

0.2 

Al 

0.5 

Sph 

1.2 

Mag 

0.5 

No.  of  Points 

2,500 

* 

sio2 

71.02 

71.03 

Ti02 

0.50 

0.39 

Al2°3 

13.58 

14.31 

Fe2^3 

3.25 

2.91 

MnO 

- 

0.06 

MgO 

0.65 

0,75 

CaO 

1.68 

1.89 

Na20 

2.83 

3.33 

k2o 

5.60 

4.66 

L.O.I. 

0.50 

0,50 

P2°5 

0.18 

0.17 

Total 

99.79 

100.00 

(Chemical  analyses  by  G.  Schmitz) 


*  Biotite  adamellite  (quartz  monzonite).  Nockolds,  1954,  p.  1014. 
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magma,  and  the  difference  in  composition  of  raisin  granite  (granodiorite)  and  bio- 
tite  "q"  granite  (quartz  monzonite)  may  be  due  to  magmatic  differentiation,  where 
satellitic  intrusions  of  biotite  "q  "  granite  have  been  derived  from  separation  of  a 
quartz  monzonite  magma  from  a  granodiorite  magma.  The  coexistence  of  large, 
primary  biotite  and  muscovite  flakes  in  both  granitic  rocks  indicates  that  crystall¬ 
ization  took  place  between  650  to  825°C,  and  at  about  1,700  to  4,000  atmospheres 
of  water-vapour  pressure  (Yoder  and  Eugster,  1954)  which  implies  considerable 
depth  of  burial  at  the  time  of  crystallization. 

In  summary,  biotite  "q"  granite  and  raisin  granite  have  distinctly  differ¬ 
ent  compositions,  and  are  physically  separated,  but  are  possibly  genetically  related 
to  a  common  magmatic  source.  Post-crystalline  cataclasis  has  produced  "raisin" 
texture  in  the  latter  granitic  mass,  whereas  the  former  granitic  rock  is  virtually  un¬ 
sheared. 


Treasure  Loch  Cataclastic  Band 

Cataclastic  rocks  in  the  Treasure  Loch  area  are  confined  to  several  narrow, 
north-trending,  en  echelon  bands  that  have  a  composite  mapped  length  of  6  miles 
and  a  maximum  width  of  2,500  feet.  This  cataclastic  zone  is  located  in  the  north- 
central  part  of  map-area  5  and  extends  northerly  for  an  unknown  extent,  beyond  the 
Northwest  Territories  boundary.  Mylonite  P  is  the  only  cataclastic  rock-type  re¬ 
presented  in  the  Treasure  Loch  cataclastic  band. 

Mylonite  P 

The  presence  of  megacrysts  from  40  to  50  mm  and  5  to  20  mm  in  a  well- 
laminated,  aphanitic  to  fine-grained,  greyish  black  to  greenish  black  matrix  denote 
the  similarity  of  mylonite  P  in  the  Treasure  Loch  and  Charles  Lake  areas.  The  text¬ 
ural  transition  to  granite  F,  and  sheaths  of  metasedimentary  rock  duplicate  the  field 
setting  of  mylonite  P  in  the  Charles  Lake  area.  Two  general  megascopic  features 
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distinguish  my  Ionite  P  in  the  Treasure  Loch  area  and  Charles  Lake  area:  in  the 
Treasure  Loch  area  mylonite  P  has  a  relatively  coarser  average  grain  size  of  indiv¬ 
idual  hand  specimens,  and  a  larger  proportion  of  subhedral  to  euhedral  porphyro- 
blasts.  The  difference  in  average  grain  size  depends  upon  the  abundance  of  large 
and  small  megacrysts  -  20  to  30  per  cent  in  samples  from  Treasure  Loch  (Plate  5,e) 
as  compared  with  15  to  20  per  cent  in  samples  from  Charles  Lake  -  and  is  not  a 
function  of  the  matrix  grain  size. 

Thin  section  examination  of  Treasure  Loch  samples  discloses  large  and 
small,  rounded  and  stretched  plagioclase  megacrysts  commonly  with  bent  twin  lam¬ 
ellae  and  biotite  inclusions.  Also,  large  and  small  augen  and  subhedra  of  micro- 
cline  with  biotite  and  subhedral  to  euhedral  plagioclase  inclusions  are  seen  in  a 
well-laminated  matrix  with  average  grain  size  ranging  from  0.02  to  0.05  mm. 

The  mylonite  P  standard  samples  from  the  Treasure  Loch  area  have  similar  modal 
and  chemical  compositions  (Table  13)  that  substantiate  the  noted  homogeneity  of  the 
rock-type  in  the  field.  The  approximate  mineralogical  composition  based  on  the 
two  standard  samples  follows:  49  per  cent  plagioclase;  28  per  cent  quartz;  7  per 
cent  microcline;  7  per  cent  biotite;  7  per  cent  chlorite;  2  per  cent  sericite;  and  less 
than  1  per  cent  accessory  minerals.  Rare  fractures  are  filled  with  adularia,  quartz, 
vermicular  chlorite,  and  epidote.  Highly  strained  quartz  is  well  differentiated  into 
distinct,  fine-grained  laminations  and  lenses.  Microcline  is  common  as  larger-size 
porphyroblasts,  patches  in  antiperthite,  and  as  interstitial  grains  in  the  matrix;  these 
features  are  probably  potash  metasomatic  effects.  Chemical  data  of  the  two  mylonite 
P  standard  samples  from  two  adjacent  bands  at  Treasure  Loch  disclose  their  similarity 
and  suggest  a  general  homogeneity. 

Comparison  of  average  modal  and  chemical  analyses  for  standard  samples 
from  the  Treasure  Loch  (Table  13)  and  Charles  Lake  (Table  8)  bands  indicates  a  close 
similarity.  Slight  mineralogic  differences  are  apparent  but  interpretation  is  com¬ 
plicated  by  megacrysts  in  coarse  texture  matrix  and  the  limited  size  and  number  of 
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TABLE  13.  MODAL  AND  CHEMICAL  ANALYSES  OF  MYLONITE  P  STANDARD 

SAMPLES,  TREASURE  LOCH  CATACLASTIC  BAND 


73 

75 

Average 

Q 

27.1 

29.0 

28.0 

KFp 

7.3 

7.5 

7.4 

PI 

47.3 

50.7 

49.0 

Bio 

3.1 

10.8 

7.0 

Chi 

12.8 

0.2 

6.5 

Mu 

2.1 

1.5 

1.8 

Ep 

0.1 

0.1 

0.1 

Cal 

- 

0.1 

0.1 

Zr 

tr 

tr 

tr 

Ap 

0.2 

0.3 

0.3 

Sph 

0.1 

0.1 

Mag 

0.2 

0.2 

0.2 

No.  of  Points 

2,500 

2,500 

- 

Si02 

67.32 

69.06 

68.19 

Ti02 

0.59 

0.44 

0.52 

Al2°3 

15.63 

15.22 

15.43 

f*2°3 

3.68 

3.20 

3.44 

MnO 

0.04 

0.05 

0.05 

MgO 

1.90 

1.61 

1.76 

CaO 

3.59 

2.55 

3.07 

Na,0 

3.68 

3.44 

3.56 

z 

k2o 

2.94 

3.51 

3.23 

L.O.I. 

1.02 

0.64 

0.83 

P2°5 

0.22 

0.14 

0.18 

Total 

100.61 

99.86 

100.26 

(Chemical  analyses  by  G.  Schmitz) 
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thin  sections.  These  sampling  problems,  however,  are  minimized  by  counting  2,500 
points  on  each  3  by  2  inches  thin  section,  and  by  selection  of  a  rock  slice  with  typ¬ 
ical  amounts  of  megacrysts.  Representative  chemical  analyses  of  the  samples  is  made 
possible  by  the  preparation  of  about  400  grams  of  crushed-rock  powder.  Comparison 
of  the  average  chemical  analyses  indicates  a  slightly  more  basic  composition  of  my- 
lonite  P  in  the  Treasure  Loch  band  demonstrated  by  slightly  less  silica  and  potash, 
and  slightly  more  lime  and  soda.  These  slight  chemical  differences  may  be  attributed 
to  the  presence  of  large-size  plagioclase  megacrysts  in  the  Treasure  Loch  band,  and 
their  virtual  absence  in  the  Charles  Lake  band.  The  chemical  and  mineralogical  diff¬ 
erences  are  slight  and  these  widely  separated  bands  of  my  Ionite  P  are  considered  to  be 
essentially  of  the  same  composition.  The  similarity  of  mylonite  P  in  the  Charles  Lake 
and  Treasure  Loch  areas  is  demonstrated  by  the 

(i)  megascopic  and  microscopic  fabric, 

(ii)  mineralogy, 

(iii)  chemical  composition, 

(iv)  contact  relationship  with  granite  F,  and 

(v)  metasedimentary  rock  association . 

Granite  F 

Small,  elliptical  masses  of  granite  F  are  located  within  some  en  echelon 
bands  of  mylonite  P  in  the  Treasure  Loch  area.  A  transitional  shear  contact  exists  be¬ 
tween  mylonite  P  and  granite  F,  the  transition  taking  place  within  a  narrow  zone  of 
several  tens  of  feet.  Granite  F  masses  in  the  Treasure  Loch  area  are  considered  to  be 
relatively  massive  remnants  of  formerly  large,  elongate  masses. 

In  hand  specimen,  granite  F  typically  has  large,  anhedral  to  subhedral,  15 
to  75  mm  feldspar  porphyroblasts  in  a  foliated,  fine-  to  medium-grained,  greyish 
black  matrix.  Megascopic  evidence  of  crushing  are  denoted  by  feldspar  augen  and 
an  irregular  development  of  a  fine-grained  matrix.  The  critical  basis  for  distinction 
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between  granite  F  and  mylonite  P  is  (i)  the  matrix  grain  size  -  phaneritic  for  granite 
F ,  and  aphanitic  for  mylonite  P,  and  (ii)  massive  versus  foliated  to  sheared,  for  gran¬ 
ite  F  and  mylonite  P  respectively.  Granite  F  has  irregular,  discontinuous  biotite 
folia  but  tends  to  be  un laminated. 

Under  the  microscope,  granite  F  is  distinctly  inequigranular  with  rounded, 
spherical  to  elliptical  0.5  to  5  mm  rock  fragments  and  plagioclase  porphyroclasts, 
and  larger-size  augen  and  subhedra  of  microcline  in  a  partly  crushed  matrix.  Other 
typical  features  include  granulated  grain  boundaries,  bent  plagioclase  twin  lamellae, 
and  from  10  to  30  per  cent  crushed  matrix.  One  granite  F  standard  sample  from  the 
Treasure  Loch  band  contains  approximately  30  per  cent  crushed  matrix,  which  classifies 
the  rock  as  a  protomylonite.  Quartz  forms  lenticles  and  irregular  to  polygonal  blebs 
formed  by  metamorphic  differentiation.  Subsequent  deformation  of  the  rock  has  given 
rise  to  partial  granulation  and  sutured  grain  margins  in  the  quartz  blebs.  Garnet  is 
found  as  relict  fragments  within  fine-grained,  equidimensional  blebs  of  sericite  and 
biotite  which  have  developed  by  diaphthoresis  of  garnet. 

Modal  and  chemical  analyses  of  the  granite  F  standard  sample  from  the  Treas¬ 
ure  Loch  cataclastic  band  are  listed  in  Table  14.  Granite  F  samples  from  the  Treasure 
Loch  and  Charles  Lake  (Table  7)  areas  have  only  slight  mineral  and  chemical  differ¬ 
ences  and  evidently  represent  petrological ly  similar  rocks.  Modal  analyses  of  samples 
from  the  Treasure  Loch  and  Charles  Lake  areas  petrologically  classify  granite  F  as  a 
porphyroblastic  granodiorite. 

The  correlation  of  granite  F  from  the  Treasure  Loch  and  Charles  Lake  areas 
based  on  hand  specimen  features  is  thus  confirmed  by 

(i)  association  with  metasedimentary  rocks, 

(ii)  transitional  shear  contact  to  mylonite  P, 

(iii)  mineralogical  composition,  and 

(iv)  chemical  composition. 
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TABLE  14.  MODAL  AND  CHEMICAL  ANALYSES  OF  A  GRANITE  F  STANDARD 

SAMPLE,  TREASURE  LOCH  CATACLASTIC  BAND 


74 

Q 

24.5 

KFp 

6.7 

PI 

44.4 

Bio 

20.0 

Chi 

0.4 

Mu 

3.7 

Ep 

0.2 

Cal 

0.1 

Gt 

0.2 

Ap 

0.2 

Mt 

tr 

No.  of  Points 

2,500 

sio2 

66.96 

TiC>2 

0.59 

Al2°3 

15.42 

4°l 

4.15 

MgO 

2.03 

CaO 

3.45 

Na20 

3.62 

k2o 

2.71 

L.O.I. 

0.70 

P2°5 

0.23 

MnO 

0.04 

Total 

99.90 

(Chemical  analyses  by  G.  Schmitz). 
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Bayonet  Lake  Cataclastic  Band 

The  Bayonet  Lake  mylonite  zone  consists  of  a  major  band  on  the  east  side 
of  Bayonet  Lake,  and  a  smaller  band  that  extends  northward  from  Collins  Lake  and 
continues  beyond  the  Northwest  Territories  boundary.  Several  smaller  bands  are  also 
mapped  in  the  vicinity  of  Bayonet  Lake.  The  major  band  trends  northerly,  having 
a  known  length  of  15  miles  and  an  unbroken  maximum  width  of  3,000  feet.  It  ex¬ 
tends  south  from  Bayonet  Lake,  along  the  east  side  of  One  Week  Lake  and  Mylonite 
Lake,  to  Pans  Lake,  and  north  for  an  unknown  extent  beyond  the  Northwest  Terr¬ 
itories  boundary.  The  northern  part  of  the  major  mylonite  band  is  offset  by  the 
northwest-trending  Bonny  fault  but  there  is  no  difficulty  in  tracing  the  northward 
extension.  The  Bayonet  Lake  cataclastic  band  forms  about  10  per  cent  of  map-area 
5,  and  about  5  per  cent  of  map-area  6  to  the  south. 

My  Ionites  K  and  L 

Mylonites  K  and  L  are  discussed  together  because  of  their  intimate  field 
association,  similar  hand-specimen  characteristics,  and  apparent  common  deriva¬ 
tion  from  biotite  granite  gneiss. 

Mylonites  K  and  L  together  form  about  90  per  cent  of  the  cataclastic  rocks 
of  the  Bayonet  Lake  crush  zone.  Mylonite  K  predominates  in  the  northern  and  southern 
extremes  of  the  Bayonet  Lake  cataclastic  band  in  map-area  5  whereas  mylonites  K  and 
L  form  about  equal  amounts  in  the  intermediate  region. 

Mylonite  K  and  L  bands  are  enclosed  by  biotite  granite  gneiss,  and  contain 
or  are  adjacent  to  several  narrow  bands  of  mylonite  M,  numerous  lenses  of  mylonite  N, 

and  rare  lenses  of  sheared,  impure  quartzite. 

The  field  distinction  of  mylonite  K  from  mylonite  L  is  based  upon  the  size 
and  quantity  of  rounded  feldspar  megacrysts:  mylonite  K  contains  less  than  5  per  cent 
feldspar  megacrysts  that  range  in  size  from  2  to  5  mm  whereas  mylonite  L  has  5  to  8 
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TABLE  15.  CATACLASTIC  ROCKS  AND  THEIR  PROBABLE  PARENT  ROCKS 

IN  THE  BAYONET  LAKE  AREA 


Cataclastic  rock* 

Probable  parent  rock* 

Recrystallized  mylonite  K** 

Biotite  granite  gneiss 

Recrystallized  mylonite  L** 

Biotite  granite  gneiss 

Recrystallized  mylonite  M** 

Hornblende  and  /  or  biotite  granite 
gneiss 

Recrystallized  mylonite  N** 

Metasedimentary  rocks,  predomi¬ 
nantly  biotite  schist 

Recrystallized  mylonite  O** 

Metasedimentary  rocks, 

predominantly  impure  quartzite 

Field  classification 


**  "Recrystallized"  is  omitted  i 

n  the  text 
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per  cent  feldspar  megacrysts  that  range  from  2  to  20  mm.  Otherwise,  both  mylonites 
are  characterized  by  greyish  pink  to  red  weathered  surfaces,  greenish  red  to  dark 
greyish  red  fresh  surfaces,  and  distinct  mineral  and  colour  layering  probably  inher¬ 
ited  from  biotite  granite  gneiss. 

Under  the  microscope,  mylonites  K  and  L  contain  plagioclase  and  micro- 
cline  megacrysts  that  form  3  to  20  per  cent  of  the  rock,  in  a  matrix  with  average 
grain  size  predominantly  0.03  to  0.05  mm  but  ranging  from  0.01  to  0. 1  mm,  and 
comprising  plagioclase,  quartz,  microcline,  chlorite,  biotite,  white  mica,  epidote, 
authigenic  euhedra  of  allanite,  and  composite  magnetite-sphene  euhedra.  Modal 
analyses  of  mylonite  K  and  L  standard  samples  are  given  in  Table  16.  Plagioclase 
megacrysts,  including  anhedra  and  subhedra  of  chessboard  albite,  are  spherical  to 
elliptical,  commonly  rotated,  moderately  to  highly  sericitized,  and  have  highly 
sutured  margins  due  to  thorough  recrystallization  of  the  matrix.  Inclusions  of  biotite, 
chlorite,  quartz,  and  subhedra  of  plagioclase  are  common.  Microcline  forms  large 
(5  to  15  mm)  and  small  (0.5  to  2  mm)  megacrysts.  Large  microcline  megacrysts  are 
commoner  in  mylonite  L,  are  highly  fractured  and  disrupted,  and  contain  inclusions 
of  biotite,  chlorite,  quartz,  and  subhedral  to  euhedral  plagioclase.  Small  meg¬ 
acrysts  generally  form  augen  with  highly  sutured  margins  and  distinct  "tails",  and 
with  decreasing  grain  size,  grade  imperceptably  into  the  matrix.  With  rare  excep¬ 
tion,  the  matrix  is  thoroughly  recrystallized,  and  the  felsic  grains  form  an  equi- 
granular,  interlocking  network,  with  quartz  commonly  forming  relatively  unstrained, 
polycrystalline  lenticles  and  bulbous  lenses  with  straight  internal  grain  boundaries. 

Along  the  periphery  of  large-size  microcline  megacrysts,  myrmekite  becomes  common 
with  increasing  degree  of  recrystallization.  Evidently,  recrystallization  and  quartz 
differentiation  in  the  matrix  are  late-kinematic  thermal  effects. 

Averages  of  modal  and  chemical  analyses  of  mylonites  K  and  L  standard  samples 
are  given  in  Table  16.  Chemical  analyses  of  samples  1  1 1  and  109  are  similar,  and 
quartz  plus  feldspar,  and  the  combined  mafic  minerals,  biotite,  chlorite,  and  epidote 
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TABLE  16.  MODAL  AND  CHEMICAL  ANALYSES  OF  MYLONITE  K  AND  L 
STANDARD  SAMPLES/  BAYONET  LAKE  CATACLASTIC  BAND 


MYLONITE  K 

MYLONITE  L 

77 

101 

104 

111 

Average 

78 

109 

Average 

Q 

21.0 

19.2 

29.4 

24.1 

23.4 

20 

21.8 

20.9 

KFp 

24.5 

tr 

4.9 

15.4 

11.2 

30 

25.4 

27.7 

PI 

38.7 

75.1 

50.1 

41.5 

53.9 

40 

33.2 

36.6 

Bio 

5.8 

- 

- 

0.9 

1.7 

- 

10.5 

5.3 

Chi 

1.5 

5.3 

4.6 

12.5 

6.0 

3 

3.3 

3,2 

Mu 

1.9 

- 

- 

1.2 

0.8 

6 

0.4 

3.2 

Ep 

4.5 

- 

0.6 

2.6 

1.9 

- 

3.5 

1.8 

Cal 

0.1 

- 

- 

0.3 

0.1 

- 

0.5 

0.3 

Zr 

0.1 

- 

- 

tr 

tr 

tr 

0.1 

0.1 

Ap 

0.4 

- 

0.2 

0.7 

0.3 

- 

0.5 

0.3 

Al 

0.3 

0.5 

- 

0.3 

0.3 

- 

0.6 

0,3 

Sph 

1.1 

- 

- 

0.2 

0.3 

- 

0.5 

0.3 

Lx 

— 

— 

— 

- 

- 

- 

0.2 

0.1 

Mag 

0.5 

tr 

0.2 

0.4 

0.2 

tr 

tr 

tr 

Hem 

- 

0.1 

0.1 

0.2 

0.1 

1 

tr 

tr 

No.  of 

2,500 

2,500 

2,500 

2,500 

- 

Estimate 

2,500 

- 

Points 

sio2 

66.75 

66.75 

72.96 

68.06 

70.51 

Ti02 

0.59 

0.59 

0.25 

0.45 

0.35 

ALO« 

14.83 

14.83 

13.79 

14.65 

14.22 

4.49 

4.49 

2.08 

3.68 

2.87 

MnO 

0.07 

0.07 

0.04 

0.08 

0.06 

MgO 

2.38 

2.38 

1.07 

1.75 

1.41 

CaO 

1.51 

1.51 

0.90 

2.62 

1.76 

Na00 

3.21 

3.21 

3.89 

3.38 

3.64 

2 

k2o 

3.81 

3.81 

4.01 

3.88 

3.95 

L.O.I. 

1.76 

1.76 

0.86 

0.95 

0.91 

P2°5 

0.17 

0.17 

0.06 

0.14 

0.10 

Total 

99.57 

99.57 

99.91 

99.64 

99.78 

(Chemical  analyses  by  G.  Schmitz) 
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compare  fabourably.  But  the  most  significant  petrogenetic  difference  between  my- 
lonites  K  and  L  is  shown  by  the  feldspar:  both  mylonites  have  about  65  per  cent 
total  feldspar,  but  mylonite  L  contains  about  28  per  cent  microcline  whereas  mylonite 
K  contains  about  1 1  per  cent  microcline.  However,  mylonites  K  and  L  have  virtually 
the  same  amounts  of  iNk^O  and  I^O,  and  thus  it  seems  feasible  that  metamorphic 
conditions  for  mylonite  L  particularly  promoted  K^O  migration  from  the  matrix  and 
diadochy  for  CaO  and  IS^O,  in  plagioclase  megacrysts. 

Local  reactivated  movement  along  the  Bayonet  Lake  crush  zone  after  crys¬ 
tallization  of  the  larger  microcline  megacrysts  is  indicated  by  the  disrupted  state  of 
the  microcline  megacrysts  and  secondary  mylonitization  of  part  of  the  matrix  in  many  sam¬ 
ples  of  mylonites  K  and  L.  Shoestring  quartz  tends  to  be  homogenized  into  the  matrix  in 
these  secondary  mylonites.  Some  of  the  reactivated  movement  was  absorbed  by  plas¬ 
tic  flow  of  the  matrix  where  the  matrix  has  penetrated  between  slightly  displaced 
megacryst  fragments.  The  feature  of  large,  fractured  megacrysts  set  in  a  secondary 
mylonitic  matrix  which  shows  plastic  flow  indicates  multiple  dynamothermal  meta¬ 
morphism. 

In  summary,  initial  mylonitization  of  biotite  granite  gneiss  was  followed  by 
relaxation  of  stress  and  concurrent  growth  of  large  potash  feldspar  crystals  under  con¬ 
ditions  of  continued  high  temperature;  a  second,  less  severe  dynamothermal  event  took 
place  at  the  late-kinematic  stage,  with  the  development  of  secondary  mylonites, 
fragmented  and  displaced  megacrysts,  and  plastic  flowage  of  the  secondary  mylonite 
matrix.  The  last  dynamic  effect  is  the  production  of  post-kinematic  fractures  and 

subsequent  filling  by  granoblastic  quartz. 

Petrographic  classification  establishes  mylonites  K  and  L  as  predominantly 

mylonite  gneiss  to  blastomy Ionite,  and  rarely  cryptomy Ionite. 

Mylonites  K  and  L  from  Bayonet  Lake  are  similar  to  the  corresponding  my¬ 
lonites  from  Charles  Lake.  Differences  apparently  arise,  however,  in  the  late  met¬ 
amorphic  history  of  the  two  areas.  A  higher  degree  of  recrystallization  is  observed  in 
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the  Bayonet  Lake  mylonites,  with  development  of  predominantly  mylonite  gneiss  and 
blastomy Ionite  compared  with  chiefly  cryptomylonite  to  mylonite  in  the  Charles  Lake 
area.  Large-size  microcline  megacrysts  in  mylonite  L  from  the  Bayonet  Lake  band 
probably  formed  from  I^O  in  the  matrix,  whereas  the  large-size  microcline  mega¬ 
crysts  in  mylonite  L  from  the  Charles  Lake  band  likely  formed  by  an  equivalent  gain 
of  1^0  and  loss  of  I^^O  with  mylonite  K.  Otherwise,  differences  are  minor,  and 
mylonites  K  and  L  from  the  Bayonet  Lake  band  are  correlated  with  the  corresponding 
mylonites  of  the  Charles  Lake  band. 

The  similarity  of  chemical  analyses  of  mylonites  K  and  L  from  the  Charles 
Lake  cataclastic  band  with  the  average  chemical  analysis  of  10  biotite  granite  gneiss 
samples  from  an  adjoining  area  has  been  noted.  The  correlation  of  mylonites  K  and 
L  from  the  Bayonet  Lake  and  Charles  Lake  bands  thus  implies  that  biotite  granite 
gneiss  is  the  parent  rock  of  mylonites  K  and  L  in  both  cataclastic  bands. 

Mylonite  M 

Mylonite  M  is  intimately  associated  with  mylonites  K  and  L;  the  field  iden¬ 
tification  and  map  representation  of  these  mylonites  is  complicated  by  their  mutually 
nebulous,  and  interlayered  contacts.  Map  representation  based  upon  the  predominant 
rock-type  allows  the  delineation  of  distinct  mylonite  M  bands.  Several  northerly 
trending  mylonite  M  bands  up  to  1/8  mile  wide  and  2  1/2  miles  long  are  found  along 
the  east  side  of  Bayonet  Lake,  and  a  larger  band  1/4  mile  wide  and  at  least  1  1/2 
miles  long  trends  northerly  from  Collins  Lake  and  continues  beyond  the  Northwest 
Territories  boundary. 

Mylonite  M  is  distinguished  by  a  dark  and  apparently  more  basic  character 
compared  to  the  felsic  appearance  of  mylonites  K  and  L.  Fresh  surfaces  of  mylonite 
M  are  dark  reddish  green  to  dark  reddish  black,  compared  to  the  red,  greenish  red,  and 
dark  greyish  red  colours  of  mylonites  K  and  L.  Otherwise,  mylonite  M  has  megascopic 
features  common  to  both  mylonites  K  and  L,  with  indistinct  to  well-defined  mineral 
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and  colour  layering  inherited  from  granite  gneiss,  and  3  to  8  per  cent  rounded  meg- 
acrysts  which  range  from  2  to  5  mm  in  diameter.  The  apparent  relatively  basic  nature 
of  mylonite  M  suggests  that  hornblende  granite  gneiss  may  be  the  parent  rock.  How¬ 
ever,  mylonite  M  is  rarely  in  contact  with  hornblende  granite  gneiss  and  the  dark 
colour  of  mylonite  M  is  probably  mainly  a  function  of  extreme  cataclasis,  and  only 
to  a  secondary  extent  depends  upon  the  mafic  mineral  content. 

In  thin  section,  mylonite  M  has  about  3  to  15  per  cent  feldspar  megacrysts 
in  a  finely  laminated  matrix  of  plagioclase,  quartz,  microcline,  biotite,  chlorite, 
white  mica,  and  epidote,  with  an  average  matrix  grain  size  predominantly  0.01  to 
0.02  mm  but  ranging  from  about  0.005  to  0.03  mm.  which  texturally  classifies  mylonite 
M  as  cry ptomy Ionite  to  mylonite.  Pyrite  cubes  with  a  selvedge  of  hematite,  authi- 
genic,  composite,  euhedral  grains  of  sphene  and  leucoxene,  and  euhedral  allanite 
rimmed  with  epidote  are  dispersed  in  many  samples.  Mafic  aggregates  of  chlorite, 
magnetite,  hematite,  and  calcite  likely  represent  pseudomorphism  of  biotite  or  horn¬ 
blende.  Plagioclase  megacrysts  from  0.05  to  2  mm  in  size  are  spherical  to  elliptical, 
contain  a  few  inclusions  of  quartz  and  biotite,  and  are  commonly  highly  sericitized. 
Microcline  forms  large  and  small  megacrysts,  containing  a  few  inclusions  of  quartz, 
plagioclase,  and  biotite,  and  are  generally  augen-  to  lens-shaped.  Larger  microcline 
megacrysts  are  rare,  range  in  size  from  2  to  10  mm  and  are  commonly  fractured.  The 
fractures  in  microcline  are  commonly  healed  with  granoblastic  quartz,  and  carbonate. 

In  several  samples  the  mylonitic  matrix  partially  fills  the  fractures  and  more  rarely 
completely  fills  the  space  between  slightly  displaced  segments.  Microcline  mega¬ 
crysts  in  a  few  samples  are  rimmed  by  a  later  generation  of  microcline  which  is  prob¬ 
ably  more  sodic  than  the  core  as  indicated  by  the  more  intense  stain  of  the  core  com¬ 
pared  to  the  shell  after  sodium  cobaltinitrite  treatment.  The  flow  structure  of  the 
matrix  is  defined  by  fine,  continuous  mica  laminations  which  curve  around  megacrysts. 
Quartz  is  dispersed  throughout  the  matrix  as  fine,  polycrystalline  lenticles  which  tend  to 
be  incipient,  discontinuous,  and  wavy.  Unstrained  quartz  in  these  lenticles  indicates 
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that  metamorphic  differentiation  of  quartz  occurred  under  static  pressure  conditions, 
and  mimetic  crystallization  gives  rise  to  lenticle  formation  parallel  to  the  rock  fol¬ 
iation.  Microcline  in  the  matrix  tends  to  be  concentrated  in  narrow,  discontinuous, 
polycrystalline  folia  and  streaks  which  commonly  form  "tails"  extending  from  the 
ends  of  microcline  megacrysts. 

Mylonite  M  samples  commonly  show  complex  late-kinematic  metamorphic 
effects.  In  summary,  many  of  the  large-size  microcline  megacrysts  apparently  formed 
during  the  terminal  phases  of  early  paracrystal line  cataclasis.  Local  renewed  growth 
followed  and  gave  rise  to  zoned  microcline  megacrysts.  Rejuvenated  cataclasis  loc¬ 
ally  produced  secondary  cryptomy Ionite  and  kakirite  (Plate  10, a),  and  ruptured  the 
large  microcline  megacrysts  (Plate  10, c).  The  temperature  and  pressure  were  suff¬ 
iciently  high  to  allow  plastic  flowage  of  the  mylonitic  matrix  between  the  slightly 
displaced  megacryst  fragments  (Plate  10, d).  In  the  Collins  Lake  area,  mylonite  M 
was  permeated  by  I^O  which  resulted  in  the  development  of  potash  feldspar  veins 
and  partial  to  complete  replacement  of  plagioclase  by  microcline  in  both  the  matrix 
and  megacrysts.  Post-kinematic  rupture,  and  fracture-fillings  by  quartz  and  calcite 
are  the  last  deformational  effects  noted  in  mylonite  M. 

The  chemical  analysis  of  mylonite  M  standard  sample  79  is  given  in  Table 
17.  Comparison  of  this  analysis  with  analyses  of  mylonites  K  and  L  (Table  16)  shows 
that  mylonite  M  is  chemically  similar,  and,  in  fact,  is  intermediate  between  the  two 
analyses,  and  is  therefore  also  likely  derived  from  biotite  granite  gneiss. 

In  summary,  the  hand  specimen  colour  difference  -  dark  reddish  green  to 
dark  reddish  black  colour  of  mylonite  M  compared  with  red,  greenish  red,  and  dark 
greyish  red  colour  of  mylonites  K  and  L  -  forms  the  basis  of  distinguishing  mylonite 
M  from  mylonites  K  and  L,  and  is  a  function  primarily  of  finer  matrix  grain  size  in 
mylonite  M,  and  in  some  samples,  greater  mafic  mineral  content,  or  both. 
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TABLE  17.  MODAL  AND  CHEMICAL  ANALYSES  OF  A  MYLONITE  M  STANDARD 

SAMPLE/  BAYONET  LAKE  CATACLASTIC  BAND 


79 

Q 

25 

KFp 

10 

PI 

35 

Bio 

20 

Chi 

1 

Mu 

8 

Ep 

0.2 

Cal 

0.1 

Zr 

tr 

Mag 

tr 

Hem 

1 

No.  of  Points 

Estimate 

sio2 

67.69 

Ti02 

0.47 

Al2°3 

14.93 

Fe2°3 

4.43 

MnO 

0.08 

MgO 

1.92 

CaO 

2.27 

Na20 

3.26 

k2o 

3.49 

L.O.I. 

1.10 

P2°5 

0.11 

Total 

99.75 

(Chemical  analysis  by  G.  Schmitz) 
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PLATE  10 
MYLONITE  M 


Mylonite.  Sample  Xll-d,  hand  specimen.  Dark-coloured  rock  with 
many  small  feldspar  porphyroclasts  in  a  finely  laminated 
matrix.  Note  the  narrow  kakirite  band  with  numerous 
breccia  fragments  which  are  derived  from  the  enclosing 
mylonite  and  cryptomylonite.  Kakirite  is  developed 
along  the  right  side  of  the  cryptomylonite  layer. 

Ultramylonite.  Standard  sample  79,  photomicrograph.  Elliptical 
microcline  porphyroclast  with  plagioclase  and  quartz 
inclusions,  in  a  typical  ultramylonite  matrix.  Crossed 
nicols,  x  10. 

Mylonite  gneiss.  Sample  XV-e,  photomicrograph.  Large-size 
elliptical  microcline  porphyroclast  with  fractures  filled 
with  granoblastic  quartz  and  calcite.  Crossed  nicols, 
x  10. 

Mylonite.  Sample  XV-d,  photomicrograph.  A  highly  sericitized 
plagioclase  porphvroclast  in  a  pulverized,  well-laminated 
matrix.  The  porphyroclast  grades  imperceptably  into  the 
matrix.  Note  that  the  porphyroclast  is  broken  and  the 
matrix  flows  between  the  2  segments.  Plane  light,  x  10. 


MIXED  MYLONITE 


e*  Blastomylonite.  Sample  lll-j,  photomicrograph.  A  large-size 

elliptical  microcline  megacryst  with  quartz  inclusions. 

The  spotted  appearance  of  the  megacryst  is  due  to  im¬ 
perfect  staining.  Crossed  nicols,  x  10. 

Hornblende  blastomvlonite.  Sample  lll-f,  photomicrograph.  Micro¬ 
cline  porphyroclast  with  irregular  margins  and  deep  indenta¬ 
tions  filled  with  quartz.  This  porphyroclast  is  likely  a  rock 
fragment.  Crossed  nicols,  x  10. 

g.  Mylonite.  Sample  II l-g,  photomicrograph.  A  spherical  megacryst 

of  rod  perthite  with  quartz  inclusions.  Crossed  nicols,  x  10. 

h.  Mylonite  gneiss.  Sample  IX-j,  photomicrograph.  A  euhedral  por- 

phyroblast  of  metamict  allanite  with  a  small  apatite  in¬ 
clusion  at  the  left  end.  The  matrix  is  well  laminated  and 
thoroughly  recrystallized.  Plane  light,  x25. 


PLATE  10 
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Metasedimentary  Mylonites 

Considerable  difficulty  is  experienced  in  the  field  distinction  of  many 
metasedimentary  mylonite  hand  specimens  from  mylonite  M  by  virtue  of  the  dark 
colour,  but  the  common  schistose  and  siliceous  character,  and  rusty  weathered 
surfaces  make  many  metasedimentary  mylonites  distinctive.  A  two-fold  subdiv¬ 
ision  into  mylonites  N  and  O  corresponds  to  the  biotite  schist  and  quartzite  rock- 
units,  respectively.  However,  a  complete  textural  and  mineralogical  gradation 
exists  between  biotite  schist  and  quartzite,  which  is  carried  over  into  the  derived 
mylonites. 

Mylonite  N 

Several  north-trending  bands  and  lenses  of  mylonite  N  are  maped  ad¬ 
jacent  to  or  within  mylonite  K,  north  of  Bayonet  Lake,  and  the  largest  band  meas¬ 
ures  2,000  feet  by  1  mile  and  extends  beyond  the  Northwest  Territories  boundary. 
Scattered  lenses  of  mylonite  N  are  found  east  of  Bayonet  Lake,  enclosed  in  my¬ 
lonite  K  or  L. 

Mylonite  N  is  slaty  to  schistose  with  few  feldspar  megacrysts  and  quartz 
augen.  Slaty  fragments  broken  perpendicular  to  the  foliation  are  aphanitic  and 
flint-like.  In  thin  section,  the  matrix  is  too  fine-grained  for  quantitative  study,  and 
qualitative  study  only  is  possible.  Small,  elliptical  to  augen-shaped  plagioclase, 
quartz  and  microcline  porphy  roc  lasts  are  enclosed  in  a  finely  laminated  matrix 
(Plate  1 1 , b)  of  white  mica,  quartz,  biotite,  chlorite,  pyrite,  and  presumably  feld¬ 
spar.  The  white  mica  in  parallel  orientation  and  continuous  layers  is  recrystallized 
to  give  a  uniform  interference  colour  within  each  layer.  One  chemical  analysis  of 
mylonite  N  is  given  in  Table  18,  and  for  comparative  purposes,  the  modal  and  chem¬ 
ical  analyses  of  chlorite  schist  from  a  fault  zone  along  the  axis  of  Waugh  Lake 
(Watanabe,  1961)  is  also  presented.  The  chemical  analyses  are  similar,  and  the  min¬ 
eralogy  of  chlorite  schist  is  qualitatively  similar  to  mylonite  N;  thus,  it  is  likely  that 
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PLATE  11 

MYLONITE  N 


Cryptomylonite.  Field  photograph.  Finely  laminated  weathered 
surface,  with  bulbous  quartz  megacryst. 

Cryptomylonite.  Standard  sample  66,  photomicrograph.  Note  the 
highly  micaceous  matrix  with  small  quartz  porphy  roc  lasts. 
Crossed  nicols,  x  10. 


MYLONITE  O 


c.  Mylonite.  Sample  Xll-i,  photomicrograph.  Typical  mylonite  text¬ 

ure.  Note  the  elliptical  mylonite  porphyroclast  in  the 
right-center.  Potash  feldspar  veins  are  concordant  and 
discordant  with  the  foliation  in  the  left  one-half  of  the 
photomicrograph.  Crossed  nicols,  x  10. 

d.  Kakirite.  Standard  sample  70,  photomicrograph.  Angular,  micro¬ 

scopic  and  megascopic  quartz  and  feldspar  fragments  in  a 
pulverized,  unlaminated  matrix.  Quartz  fragments  are  pre¬ 
dominantly  microcrystalline  aggregates.  Crossed  nicols, 
x  10. 

e.  Cryptomylonite  breccia .  Sample  XI I— f,  photomicrograph.  Angular, 

megascopic  breccia  fragments  cemented  by  vein  quartz. 

Note  the  finely  laminated,  porphyroclastic  nature  of  the 
breccia  fragments.  Plane  light,  x  10. 

f.  Cryptomylonite  breccia .  Sample  Xll-j,  photomicrograph.  Angular 

cryptomylonite  breccia  fragments  cemented  by  vein  quartz. 
Note  the  former  presence  of  a  cavity,  successively  filled 
by  a  drusy  lining  of  inward  projecting  comb  quartz  crystals 
and  then  calcite.  Plane  light,  x  10. 

g.  Mylonite  gneiss.  Sample  Xll-m,  photomicrograph.  Euhedral  tour¬ 

maline  crystal  broken  into  four  segments  by  flowage  of  the 
matrix.  Plane  light,  x  25. 

b*  Mulonite.  Sample  X 1 1—0,  photomicrograph.  Tourmal ine  porphyro- 

blast  showing  extensive  sericite  pseudomorphism.  Plane 
I ight,  x  25. 


PLATE  1 1 
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TABLE  18.  MODAL  AND  CHEMICAL  ANALYSES  OF  A  MYLONITE  N  STANDARD 

SAMPLE,  BAYONET  LAKE  CATACLASTIC  BAND 


66 

* 

Q 

X 

36.8 

PI 

X 

0.5 

Chl 

X 

8.7 

Mu 

X 

50.8 

Mag 

- 

3.4 

Hem 

X 

- 

fy 

X 

- 

No.  of  Points 

- 

1,000 

s;o2 

68.75 

67.93 

Ti02 

0.65 

0.46 

Al2°3 

15.44 

16.10 

F‘2°3 

4.61 

6.43 

MnO 

0.02 

0.05 

MgO 

1.73 

1.66 

CaO 

0.50 

0.25 

Na20 

0.20 

0.56 

k2o 

4.72 

3.67 

L.O.I. 

2.79 

2.89 

P2°5 

Total 

0.08 

0.08 

(Chemical  analysis  by  G.  Schmitz) 


x  mineral  present 

*  Chlorite  schist,  Waugh  Lake  (Watanabe,  1961). 
Sample  number  60-717-4.  Chemical  analysis  by 
H.A.  Wagenbauer. 
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the  modes  would  be  similar. 

Biotite  schist.  Few  layers  and  lenses  of  biotite  schist  are  found  in  the  Bayonet  Lake 
area,  and  the  two  main  lenticular  bodies  are  located  about  1  mile  east  of  Bayonet 
Lake.  Biotite  schist  and  mylonite  N  form  isolated  bodies,  and  thus  no  transitional 
contacts  were  observed. 

Biotite  schist  may  be  interlayered  with  pure  and  impure  quartzite,  phyllite, 
phyllonite,  sericite  schist,  hornblende  schist,  and  amphibolite.  Feldspathic  string¬ 
ers  are  common,  and  parallel  the  foliation  of  the  enclosing  rocks.  Mapping  is  based 
on  the  predominant  lithology  in  single  outcrops,  but  the  scale  of  mapping  prohibits 
a  refined  breakdown  of  the  metasedimentary  rocks,  and  a  two-fold  grouping  into 
quartzite  and  biotite  schist  has  been  adopted.  The  predominance  of  phyllitic  and 
schistose  rocks  designates  a  biotite  schist  lithology,  and  large  amounts  of  siliceous 
to  feldspathic  rocks  determine  the  quartzite  lithology. 

Garnet  is  uncommonly  developed  in  biotite  schist,  and  mixed  metasedimen¬ 
tary  rocks  comprising  the  bands  in  the  adjoining  Andrew  Lake,  North  map-area,  just 
to  the  east  contain  appreciable  muscovite,  garnet,  cordierite,  sillimanite,  and  rare 
andalusite,  a  mineral  assemblage  which  is  transitional  between  the  sil  I  imanite-al- 
mandine  subfacies  of  the  almandine  amphibolite  facies,  and  the  hornblende  hornfels 
facies  (Fyfe,  Turner,  and  Verhoogen,  1958,  p.  211).  The  assemblage  muscovite  - 
cordierite-andalusite  is  diagnostic  of  the  hornblende  hornfels  facies,  whereas  the 
sil limanite-garnet  association  is  characteristic  of  the  sillimanite-almandine  sub¬ 
facies  of  the  almandine  amphibolite  facies. 

Mylonite  O 

Three  northerly-trending  mylonite  0  bands  up  to  2,000  feet  wide  and  more 
than  1  mile  long  are  found  north  of  Bayonet  Lake.  Two  of  the  three  bands  grade  into 
quartzite,  and  the  third  is  enclosed  by  mylonite  M. 

The  cataclastic  character  of  equigranular,  highly  siliceous  metasedimentary 
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rocks  may  be  readily  missed  in  the  absence  of  schistosity  and  stretched  feldspar  por- 
phyroclasts.  Impure  quartzite  north  of  Bayonet  Lake  tends  to  be  biotitic  and  feld- 
spathic,  and  the  derived  mylonite  is  typically  porphyroclastic,  with  elliptical  to 
lenticular  feldspar  porphyroclasts  in  an  aphanitic  matrix  which  is  dark  grey  to  black, 
or  green  on  fresh  surfaces.  Wavy,  micaceous  laminations  and  indistinct  colour  banding 
are  present  in  most  samples. 

In  thin  section,  mylonite  0  is  composed  of  0.5  to  3  mm  plagioclase  and 
potash  feldspar  megacrysts,  and  rock  fragments  in  a  finely  laminated  matrix  (Plate 
11 ,  c)  with  average  grain  size  from  0.005  to  0.03  mm  and  comprising  plagioclase, 
quartz,  microcline,  white  mica,  biotite,  chlorite,  and  epidote.  Microcline  is  re¬ 
stricted  to  megacrysts  in  many  samples.  Plagioclase  porphyroclasts  are  spherical  to 
elliptical,  contain  few  biotite  and  quartz  inclusions,  and  are  rarely  found  among 
the  largest  feldspar  megacrysts.  Microcline  and  microcline  perthite  form  elliptical 
to  augen-shaped  megacrysts  with  sutured  grain  margins,  and  contain  numerous  in¬ 
clusions  of  biotite,  quartz,  and  plagioclase.  Rock  fragments  have  a  fine-grained 
matrix  with  feldspar  porphyroclasts,  and  some  represent  highly  recrystallized  my¬ 
lonite  (Plate  11,  c).  White  mica  aggregates  in  fine  laminations  show  uniform  ex¬ 
tinction.  Tourmaline  forms  up  to  8  per  cent  of  several  samples  from  the  band  that 
extends  north  from  Collins  Lake,  and  appears  as  bluish  green,  zoned,  euhedral 
crystals  0.3  to  1  mm  in  diameter,  with  one  rounded  porphyroblast  4  mm  in  diameter. 

The  pleochroic  formula  is  0  =  bluish  green,  and  E  =  brownish  yellow  which  corresponds 
to  either  schorl  or  chromium  tourmaline  (Winchell  and  Winchell,  1951,  p.  467). 
Rarely,  sericite  is  pseudomorphous  after  tourmaline  (Plate  11,  h).  Single  grains  are 
commonly  fragmented  and  displaced  (Plate  11,  g),  or  rarely  sheared,  which  indicate 
that  tourmaline  crystallized  under  conditions  of  plastic  flowage  of  the  matrix  and 
abated  shearing  stress.  Calcite  is  commonly  intermingled  with  tourmaline  grains 
and  fills  pressure  shadows  at  the  ends  of  feldspar  megacrysts,  which  suggest  that  cal¬ 
cite  and  tourmaline  are  coeval  and  were  introduced  during  the  late-kinematic  stage 
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of  metamorphism. 

Local  development  of  kakirite  in  mylonite  0  bands  is  demonstrated  by  stand 
ard  sample  70  located  1  mile  north  of  Bayonet  Lake.  Thin  section  study  reveals  a 
breccia  consisting  of  angular  plagioclase  partly  replaced  by  potash  feldspar,  mic- 
rocline,  and  polycrystalline  quartz  fragments  enclosed  in  a  cryptocrystalline  matrix 
of  quartz,  plagioclase,  chlorite  and  abundant  interstitial  potash  feldspar  (Plate  11, 
d).  The  chemical  analysis  (Table  19)  indicates  abnormally  high  I^O  for  a  rock 
which  is  obviously  siliceous  in  hand  specimen,  and  potash  metasomatism  is  likely 
responsible  for  the  features  observed  under  the  microscope.  Kakirite  probably  re¬ 
sults  from  rapid  oscillatory  movements  in  an  environment  of  high  hydrostatic  pressure 
which  in  the  above  sample  is  accompanied  by  potash  metasomatism. 

Post-kinematic  deformation  has  brecciated  the  rocks  in  the  central  part  of 
the  mylonite  0  band  north  of  Collins  Lake.  Breccia  fragments  are  not  apparent  in 
hand  specimen,  but  cut  and  polished  rock  slabs,  and  thin  sections  show  the  true 
character  of  the  rock:  felsic,  porphyroclastic,  finely  laminated  mylonite  fragments 
up  to  20  mm  in  diameter  are  randomly  oriented  and  enclosed  in  fine-grained  quartz 
and  sparry  calcite  (Plate  1 1  ,e,f).  The  openings  within  brecciated  mylonite  0  were 
incompletely  filled  by  vein  quartz,  and  the  remaining  cavities  were  successively 
filled  by  comb  quartz  and  sparry  calcite.  These  features  are  indicative  of  local, 
post-kinematic,  reactivated  movement  in  rocks  at  a  high  level  in  the  crust. 

Chemical  analyses  of  two  mylonite  0  samples  are  given  in  Table  19.  Com¬ 
parison  of  mylonite  0  and  quartzite  analyses  is  not  practical  by  virtue  of  the  highly 
inhomogeneous  nature  of  these  rock-types  and  by  the  lack  of  analyses  of  quartzite 
from  the  study  area. 

Quartzite.  Quartzite  is  a  major  rock-type  in  the  study  area,  and  forms  major  bands 
and  lenses  in  the  Bayonet  Lake  area.  Two  of  the  quartzite  bands  north  of  Bayonet 
Lake  are  adjacent  and  grade  into  mylonite  N. 
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TABLE  19.  MODAL  AND  CHEMICAL  ANALYSES  OF  MYLONITE  O  STANDARD 
SAMPLES,  BAYONET  LAKE  CATACLASTIC  BAND 


67 

68 

70 

Average 

Q 

20 

25 

23 

KFp 

8 

35 

22 

PI 

35 

35 

35 

Bio 

10 

- 

5 

Chi 

0.5 

5 

3 

Mu 

25 

- 

13 

Ep 

0.5 

0.5 

0.5 

Cal 

0.2 

- 

0.1 

Zr 

tr 

- 

tr 

Sph 

0.3 

- 

0.2 

Lx 

0.1 

0.5 

0.3 

Hem 

tr 

2 

1 

Py 

0.5 

2 

1 

No.  of  Points 

Estimate 

Estimate 

- 

Si02 

70.26 

69.07 

69.67 

Ti02 

0.31 

0.44 

0.38 

Al2°3 

14.86 

13.27 

14.07 

Fe«0~ 

2.11 

3.37 

2.74 

MnO 

0.04 

0.04 

0.04 

MgO 

0.88 

3.01 

1.95 

CaO 

1.57 

2.02 

1.80 

Na20 

3.94 

1.33 

2.64 

k2o 

3.69 

7.28 

5.49 

L.O.I. 

1.05 

1.08 

1.07 

P2°5 

0.11 

0.05 

0.08 

Total 

98.82 

100.96 

99.93 

(Chemical  analyses  by  G.  Schmitz) 


GS-;A3HAT2  O  i  TIHOJYM  -lO  232YJA^A  JAD1M3HD  CMA  JAdOM  .<?!  3.18 AT 

01 IA6  3!  2AJDATA*  3>tAJ  T3HOYA8  ,23J  MA2 


• 

86 

■% 

es 

'  0$ 

O  ' 

X 

8 

qW 

X 

6€ 

or 

oifl 

■  0 

IrO 

.0 

uM 

1.0 

ioD 

ft 

iS 

— 

c.o 

2.0 

*  .0 

>d 

It 

m©H 

e.o 

atom*tt3 

«tnio^  .oM 

\Q.96 

6£.0\ 

re.o 

cOiT 

68  >r 

e°sIA 

US 

*0.0 

OrtM 

88.0 

\u 

■'  OoD 

O.oH 

96  X 

.I.O.J 

80.0 

10. 0 

69 .00f 

$8,89  ’ 

lotoT 

j-  .  .  d  f'v--v  ;o  lojlnwlii 


77 


Garnetiferous,  feldspathic,  and  biotitic  quartzite,  and  smaller  amounts  of 
biotite  schist  are  the  major  lithologies  in  the  quartzite  bands;  minor  rock  constituents 
comprise  pure  quartzite,  sericite  schist,  hornblende  schist,  phyllite,  phyllonite,  and 
amphibolite.  Iron-stained  weathered  surfaces  are  typical  of  the  metasedimentary 
band.  Granitic  (quartzo-feldspathic)  material  is  common  as  stringers,  lenses  and 
bands  that  parallel  the  foliation.  Feldspar  porphyroblasts  are  common  and  generally 
range  from  5  to  20  mm. 

The  metamorphic  minerals  in  the  metasedimentary  rocks,  and  the  facies 
classification  are  discussed  under  the  biotite  schist  section. 
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CHAPTER  THREE 

MAGNETIC  SUSCEPTIBILITY 
General  Comments 

The  exposed  Precambrian  Shield  in  northeastern  Alberta  has  been  aeromag- 
netically  surveyed,  and  aeromagnetic  maps  (Geological  Survey  of  Canada,  1964) 
are  available  on  the  scale  of  one  inch  to  one  mile. 

Godfrey  (Godfrey  and  Baadsgaard,  1962)  has  outlined  the  structural  and 
geologic  history  of  the  Precambrian  rocks  in  northeastern  Alberta,  and  a  broad 
correlation  has  been  demonstrated  between  the  structural  -  lithologic  framework  and 
aeromagnetic  patterns  in  the  Andrew  and  Bayonet  Lake  areas. 

Regional  Aeromagnetic  Study 

Parts  of  four  aeromagnetic  maps  (Geophysics  maps  2892G,  2893G,  2903G, 
and  2904G)  are  used  in  the  compilation  of  aeromagnetic  data  for  the  thesis  area 
(Map  1).  Cataclastic  rock  bands  and  faults  are  superimposed  on  the  simplified  aer¬ 
omagnetic  map. 

Aeromagnetic  relief  ranges  from  about  61,300  gammas  to  about  62,700 
gammas.  High  aeromagnetic  response  (greater  than  62,000  gammas)  generally  corr¬ 
esponds  to  regions  of  relatively  unsheared  biotite  and  hornblende  granite  gneiss. 

Three  main  regions  of  low  aeromagnetic  response  are  noted:  (i)  The  extreme  south¬ 
west  to  west  aeromagnetic  low  corresponds  to  Arch  Lake  granite;  (ii)  the  Charles 
Lake-Alexander  Lake  anomaly  corresponds  to  the  main  region  of  the  Charles  Lake 
crush  zone;  and  (iii)  the  northeast  anomaly  corresponds  to  the  Bayonet  Lake  mylonite 
band.  In  general,  the  cataclastic  rocks  correlate  with  regions  of  low  to  intermediate 
aeromagnetic  response  regardless  of  the  nature  of  parental  rocks.  In  the  region  from 
Bayonet  Lake  to  Pans  Lake,  the  configuration  of  a  mylonite  band  along  the  west  side 
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of  the  elongate,  aeromagnetic  trough  suggests  that  the  mylonite  zone  has  a  steep 
easterly  dip;  however,  a  wide,  continuous  metasedimentary-rock  band  immediately 
east  of  the  mylonite  band  (map-sheet  5)  accounts  for  the  observed  aeromagnetic 
phenomenon,  and  dip  estimation  of  the  mylonite  zone  is  not  feasible. 

In  principle,  aeromagnetic  response  is  a  function  of  both  magnetic  sus¬ 
ceptibility  and  residual  magnetism.  However,  Watkins  (1961)  has  shown  that  the 
aeromagnetic  response  of  rocks  in  the  Bayonet  Lake  area  is  essentially  a  function 
of  magnetic  susceptibility  since  the  contribution  of  residual  magnetism  is  negligible. 
Th  us,  the  laboratory  determination  of  magnetic  response  on  rock  samples  from  north¬ 
eastern  Alberta  becomes  much  simpler  in  that  only  magnetic  susceptibility  need  be 
measured.  This  approach  is  employed  in  detailed  magnetic  susceptibility  studies  of 
rocks  in  the  Ashton  Lake,  Bayonet  Lake,  and  Charles  Lake  areas. 

Susceptibility  Study  of  Area  XI,  Ashton  Lake 

In  the  Ashton  Lake  area,  two  northeast  trending  major  faults  are  defined 
on  the  basis  of  lithology,  air  photo  interpretation,  and  contoured  aeromagnetic  maps. 
The  granite  gneiss  region  cut  by  these  faults  in  the  northeast  section  of  Ashton  Lake 
was  selected  for  detailed  study  (Fig.  3).  Brecciation,  si  I  icif  ication,  and  local  my- 
lonitization  are  notable  in  the  immediate  region  of  the  fault  zone. 

The  contoured  aeromagnetic  map  shows  an  abrupt  break  in  the  northerly 
trending  aeromagnetic  high  and  indicates  a  "demagnetization"  effect  of  the  granite 
gneiss  in  the  region  of  the  fault  zone.  A  continuous,  wide  metasedimentary  rock 
band  east  of  Ashton  Lake  contributes  to  the  width  of  the  aeromagnetic  trough  created 
by  the  fault  zone. 

Demonstration  of  "demagnetization"  was  attempted  by  measuring  magnetic 
susceptibility  on  a  suite  of  rock  specimens  located  along  the  crest  of  the  aeromag¬ 
netic  highs  and  through  the  aeromagnetic  trough  (Fig.  3).  A  certain  amount  of  lith¬ 
ologic  uniformity  is  achieved  by  the  selection  of  rock  samples  from  a  relatively 
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narrow  band  of  granite  gneiss.  Supplementary  petrologic  effects  in  the  region  of 
faulting  are  noted  in  the  mineralogy  and  fabric  of  thin  sections  of  the  cored  samples. 

Sample  Preparation 

A  2.5  inch  long  core  was  obtained,  wherever  possible,  from  fifteen  samples 
of  the  granite  gneiss  band  which  included  -  eleven  biotite  and  hornblende  granite 
gneisses,  three  feldspathic  amphibolite  gneisses,  and  one  mylonite.  The  rocks  were 
clamped  in  a  jaw  vice  and  cored  with  a  one  inch  diamond  core  bit  mounted  on  a 
drill  press.  Varying  resistance  to  the  diamond  bit  was  encountered,  the  highly  sil¬ 
iceous  rocks  offering  the  most  resistance. 


Measurement  of  Susceptibility 


The  MS-3  Susceptibility  Bridge,  manufactured  by  the  Geophysical  Spec¬ 
ialties  Company  of  Hopkins,  Minnesota  was  used  to  make  the  measurements.  The 
rock  core  is  inserted  into  an  open  coil,  causing  a  change  of  inductance  which  dis¬ 
turbs  the  balance  of  the  bridge.  Restoration  of  the  balance  provides  a  measure  of 
the  susceptibility.  The  reading  obtained  is  then  corrected  for  variations  in  diameter 
and  length  of  the  specimen. 

The  graph  for  determining  susceptibility  is  provided  with  the  instrument  and 
is  stated  to  be  applicable  to  specimens  of  the  same  diameter  as  the  open  coil,  and  at 
least  4  inches  in  length. 

For  specimens  of  smaller  diameter  than  that  of  the  open  coil,  the  correction 


is: 

K  x  1.413  where  K  =  uncorrected  susceptibil ity 

u  * —  u 

Dz 

D  =  diameter  of  specimen  in  inches. 

Since  all  cores  are  one  inch  in  diameter,  the  diameter  correction  is  x  1 .413. 

For  specimens  less  than  2.5  inches  in  length,  Watkins  (1961)  constructed  a 
length-correction  curve  (Fig.  2)  employing  data  from  two  long  cores  of  samples  coll- 


k  noieo.  a*  nt  aloc'k  aieoloilaq  xiWn»«r»lqqu2  .«!»oe  ®1;rlo1e  d™d  wo1,Dn 
.tslqmoi!  baioo  adi  k  anoikaa  nirh  k  oi idol  boo  yeokianlw  adi  ni  balon  aiD  8nHluo' 

noiioTDqdiS  ©lqmo2 

% 

*  |qiTlDJ  naetlil  mcil  ,aidiaeoq  lavaiadw  ^banioldo  iow  ax>o  e™1  dani  tS  A 

O  -bneidnx  bno  alitoM  navela  -  babu  .ni  ifcirtw  bnod  aakng  alinDig  adi  .o 

©iew  2>boi  ©HT  . «tinol\m  »no  bno  ,2©2ti9ne  ©UlodiHqmo  DidloqtW©^  •eiHi  ,29221905 

-IU  «<lfteifl  adi  .baiatnuoono  sow  lid  bnonoib  adi  ol  aonolaiaei  gniyioV  «9iq  lliib 

.  ©onoteuai  leom  ©fit  gniio^b  sjIooi  2uo©  ■• 


(tiliditqooiuE  lo  1n©m©iu2D©M 

oqfnoD  editfoi 

-2»b  Hoirlw  ©ono toubni  \o  ©gnoHo  o  gnbuoo  Jioo  nsqo  no  olni  bdlisanl  2»  •'too  too', 

wkmoib  ni  anoi loi iov  10I  balaanoa  nsdl  ai  baniotdo  gniboa.  adT  .yti lidilqaoaua  arii 

.nsmioeqa  ©fit  o  Htgn©!  bno 

bno  Inamuilani  adi  dtiw  bobivoiq  ai  yli  lidilqaoaua  gninimialab  ici  dq01g  adi 

.rltgnei  ni  2©rbni  ^  t2D©l 

noikanoa  adi  Jioa  noqo  adi  k  kdl  nodi  lalamoib  lalkma  k  anamiaaqa  tod 


>(ti  liditq©D2U2  bslwfoonu  *  >1  ©i©dw  ry.il  x  u  * 

.2©rbni  nr  newio©q2  b  T0t©moib  *  Cl 

£ ^  f  x  X  <\  noiloano©  T  fornoib  ©Ht  ,iyt©moib  ni  rbni  ©no  ©10  29100  lie  eonic 
-lloo  eetqmot  \o  2©ioo  gnol  owl  moil  ©too  gni\(olqm©  (£  9Nnu;>  norioenoo-Htgoel 


Length  correction  factor  (Lc) 


81 


Fig.  2.  Correction  curve  for  different  lengths  of  core 


Figure  3.  Aeromagnetic  anomaly  and  sample  location  map,  area  XI 


Ashton  Lake. 


TABLE  20.  SUSCEPTIBILITY  DATA  OF  SAMPLES  FROM  AREA  XI,  ASHTON  LAKE 
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Legend  for  Tables  1,  2,  3,  4 


AR - difference  in  readings  on  the  susceptibility  bridge  when  the  coil  is  empty  and 

when  it  is  occupied  by  a  rock  core. 

Ku - uncorrected  susceptibility 

Kc - corrected  susceptibility 

L - length  of  sample  in  inches 

L - length  correction  factor 

c 

D  - diameter  correction  factor 


c 

Mag - Magnetite 

Hem - Hematite 

Py - Pyrite 

Lx  -  Leucoxene 

tr - trace 


in  per  cent 
in  per  cent 
in  per  cent 
in  per  cent 
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ected  in  the  Bayonet  Lake  area,  and  this  curve  is  used  for  all  specimens  from  the 
Precambrian  Shield  in  northeastern  Alberta. 


Thus,  K  =  K  x  1.413 

c  u  - - - 

length  correction  factor 


where  K  =  corrected  suscep- 
C  tibility  for  diff¬ 
erent  length  and 
diameter 


Discussion  of  Results 


The  susceptibility  readings  show  a  general  trend  from  high  to  low  values 
as  the  fault  zone  (marked  by  two  faults)  is  approached  from  the  aeromagnetic  high 
regions  (Fig.  3).  Five  samples  lie  within  the  fault  zone  and  have  susceptibility 
values  ranging  from  0  to  26.  Eleven  samples  outside  of  the  fault  zone  have  susceptibility 
values  ranging  from  44  to  4280.  One  of  these  samples  has  an  anomalously  low-suscep¬ 
tibility  value  that  is  explained  on  the  basis  of  petrographic  data.  Omitting  the  one 
anomalous  value,  the  range  of  susceptibility  for  samples  outside  the  fault  zone  be¬ 
comes  2 15  to  4280. 

Thin  sections  of  all  cored  specimens  were  studied  and  the  petrography  of  the 
samples  is  presented  in  chapter  four.  Only  the  opaque  minerals  and  brief  textural  data 
are  reported  in  this  geophysical  section. 

The  high  susceptibil ity  rocks  are  fine-  to  medium-grained  and  are  relatively 
unsheared.  They  usually  contain  one  per  cent  or  more  of  magnetite,  rarely  contain 
pyrite,  and  hematization  is  slight  to  moderate. 

Low-susceptibility  rocks  within  the  fault  zone  are  very  fine  to  fine-grained, 
with  evidence  of  intense  shearing.  Magnetite  is  absent  or  occurs  in  trace  amounts  only, 
and  hematite  is  the  predominant  opaque  mineral. 

It  is  apparent  that  a  significant  magnetite  content  in  rocks  produces  high  sus¬ 
ceptibility,  and  relatively  increasing  amounts  of  pyrite  and  hematite  is  associated  with 
the  I  ow-susceptibility  rocks.  Hematization  is  commonly  noted  in  faults  of  this  region 
and  the  fault-zone  rocks  of  the  Ashton  Lake  area  show  this  phenomenon  distinctly. 


s 'It  rrv oi}  anamiosqz  in  I'  320  z\  aviuo  airit  bno  *r>aio  9>loJ  t9noyo8  adt  ni  bstoa 

.  DtiadIA  malioadtion  ni  bleiH2  nDiidmooaiS 


.,  021'  batoaTmo  y  aiadw 
- 1-  ,ib  10}  {1  lidit 
I  oie 


t\  .\  X  >  ,«udT 

- — „  u 

iotoo}  noitognoo  Htgnsl 


2  !U29/l  >0  00122132:  0 


c‘.  Idv  v. ol  ol  rigid  nxm  LnaTt  Idivmisq  n  work  agnil:  >91  yti liditqaoiua  9flT 
1  ,  \ (  lilt  r>;  ;  moi9D  >rtt  ,  id  bsdoDoiqqo  21  (zlluo^  owl  yd  ba^.iDm)  anos  tluD^  9rlt  2D 
yi''iv,.-l,‘  -.2  r.-nr  «<*  i  \ '  1,1  oi  er!t  nirlliw  ail  asiqmoe  avH  .(!  .gH)  anoiga; 

vii liditqeo?  ><:  i»  rod  900 ^  t‘  -oi  a  4  abiatuo  polamo'  navaB  ,d£  ol  0  mo^  gnignoi  isulov 
-qaqjua-wo!  ylauolomono  no  aod  aslqmoa  saedt  io  anO  .0851-  ol  morl  gnignoi  aaulov 
9ro  dt  gmitimO  .Dlob  oidqoigc  Haq  }o  e  aod  9 HI  no  be'volqxs  z\  todt  ouIdv  yti lidil 
o  ;  ♦  ud^  erit  abiatuo  zslqrfu-  n  yti  liditqsoaut  egnoi  9dt  *9u!ov  auolofnor--:* 

.•■  f  ro  (f  j  x)i  .q  rlt  bn  1  ba  51  r  aw  enamioaqa  iaioo  (Id  >0  anoitoaa  nirlT 
o:  b  lnoT/9  )  iid  b  io  aso.-r.fn  *>up  qo  adt  yl  iO  uol  isiqodo  .  batnaaeiq  a!  celq.noa 

JtD92  looiaydqosg  aidt  ni  bgtioc oi  s^o 

yi  -v  si  910  bno  o9nioig-rouib  >m  ot  -anH  910  a>boi  ytiliditqaoaua  dgiH  adT 
rdotnoo  ylsioi  ,9tit9ogom  to  910m  10  tnao  iaq  ano  niotnoo  yllouau  yodT  .baioadanu 

.stcr^fc  -mot  oila  ?,  noitoxitomarl  bnD  xati  lyq 
,t  anioig  anil  ot  9nH  yiav  no  anox  iluo^  adt  nirlliw  adooi  ytiliditqsoaua-woJ 
,  l.io  atnuomD  ocnt  ni  aiuooo  o  tna*  o  a*  stitanpoM  .oniioeda  aanatni  ta  aonabivs  diiw 

!  minim  supoqo  tnonimobsiq  adt  «i  ©titomeH  bno 
rig  i  -.©oobo : '  .  Hjc  i  n:  /natnoo  al  random  r  •  ilingie  o  -or  (  tnaioqqo  z'\  tl 
■  w  botolDoeao  ai  .  toms  '  .r»o  stiiyq  1o  atnaono  :niac  noni  ylav  to1  n  bno  y  tiliditqso 
noigo  '  airli  }o  tlud  ni  baton  ylncnimoo  at  noiti  site  .  ,  ytilio  t  aoau2»wol  arit 

.yltonitalb  nofisnonanq  airlt  weda  0910  s^oj  notria/  aril  }©  a>looi  anos-tluo^  edt  bno 


87 


Amongst  the  three  amphibolites,  sample  Xl-n  has  a  very  low  susceptibility 
which  is  explained  by  the  absence  of  magnetite.  Further,  the  presence  of  actino- 
lite  along  with  pale  green  hornblende  reflects  the  bulk  chemistry  of  the  parental 
rock  which  was  most  likely  a  calcareous,  impure  sedimentary  rock. 

Extensive  alteration  is  common  in  most  of  the  samples,  and  cataclasis  is 
slight  to  absent  except  for  the  fault-zone  rocks  which  in  general  are  moderately  to 
highly  crushed.  The  crush-zone  rocks  show  the  effects  of  sil icif ication  as  evidenced 
by  quartz  veinlets  and  lenses  on  both  macro  and  micro  scales. 

Notable  features  of  the  Ashton  Lake  fault  zone  are  the  brecciation,  minor 
development  of  mylonite,  hematization,  silicification,  and  extensive  hydrothermal 
alteration. 


Susceptibility  Study  of  Area  III,  Charles  Lake 

Two  peninsulas  located  in  the  northern  part  of  Charles  Lake  are  underlain 
by  crushed  rocks.  The  excellence  of  exposures,  stratigraphic  control,  the  variety  of 
rock  types,  and  detailed  sample  coverage  of  the  southern  peninsula  make  it  suitable 
for  detailed  study. 

The  two  cataclastic  rock  types,  hornblende  cataclasite  and  mylonite  L  form  a 
composite  crush  zone  (Fig.  4).  Foliated  hornblende  granite  and  minor  hornblende 
granite  gneiss  lie  along  the  western  margin  of  the  crush  zone.  Biotite  granite  gneiss 
lies  to  the  north  and  hornblende  granite  gneiss  lies  to  the  east  of  the  crush  zone.  This 
cataclastic  rock  band  has  minimum  dimensions  of  900  feet  by  8,000  feet  and  contrasts 
markedly  with  the  small-scale  cataclastic  effects  associated  with  faulting  in  area  XI, 
Ashton  Lake. 

The  contoured  aeromagnetic  map  (Fig.  4)  shows  only  a  slight  indication  of 
decreased  aeromagnetic  response  in  the  region  of  the  crush  zone.  A  finger-shaped 
northward  extension  of  the  62,100  gamma  contour  line  suggests  a  decreased  aeromag¬ 
netic  response  due  to  shearing.  However,  the  presumed  limited  extent  of  the  cata- 
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clastic  band  produces  only  gentle  aeromagnetic  relief,  and  the  abrupt  change  of 
rock  type  through  a  short  distance  does  not  permit  effective  interpretation  and 
understanding  of  aeromagnetic  data  of  the  peninsula  and  adjacent  area.  Therefore, 
the  aim  of  this  study  has  resolved  into  a  determination  of  susceptibility  values  of 
each  of  the  rock  types  and  an  examination  of  their  relationship  to  geologic  events. 

Discussion  of  Results 

On  the  basis  of  megascopic  and  microscopic  examination,  the  geophys¬ 
ical  samples  can  be  arranged  into  five  distinct  rock  groups  (Table  21),  of  which 
three  groups  represent  crushed  rocks. 

The  foliated  hornblende  granite  samples  occur  within  a  large,  relatively 
homogeneous  rock  body.  The  susceptibility  of  five  foliated  hornblende  granite 
samples  have  a  wide  range  of  values  some  of  which  could  be  expected  from  the 
difference  in  mafic  mineral  content  in  hand  specimen.  However,  thin  section  data 
explains  susceptibility  values  on  the  basis  of  degree  of  cataclasis  and  the  opaque 
mineral  constituents.  Shearing  has  played  an  important  role  in  the  history  of  the 
foliated  hornblende  granite  and  transitional  stages  of  crushing  are  detected  from  a 
fabric  study.  Sample  lll-b  is  relatively  unsheared  but  has  a  very  low  susceptibility  which 
is  accounted  for  by  the  negligible  amount  of  magnetite.  High  susceptibility  values 
of  samples  lll-c  and  lll-f  are  explained  by  the  significant  amounts  of  magnetite, 
negligible  hematization,  and  an  intermediate  degree  of  shearing.  Low  suscepti¬ 
bility  values  of  samples  lll-d  and  lll-e  are  due  to  the  negligible  amount  of  magne¬ 
tite,  an  advanced  stage  of  hematization,  and  intense  shearing. 

The  hornblende  cataclasite  rock-type  is  most  notable  for  a  nearly  massive 
fabric  and  hornblende  porphyroclasts.  Four  hornblende  cataclasite  specimens  of 
different  grain  size  were  selected  to  examine  the  effect  of  grain  size  on  suscepti¬ 
bility.  The  results  indicate  that  susceptibility  decreases  with  grain  size.  Thin  sec¬ 
tion  study  reveals  that  magnetite  is  common  in  high-susceptibility  samples,  and  the 
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TABLE  21 .  SUSCEPTIBILITY  DATA  OF  SAMPLES  FROM  AREA  III,  CHARLES  LAKE 
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degree  of  hematization  increases  in  lower-susceptibility  rocks.  Extensive  hematization 
and  chloritization  of  samples  lll-m  and  lll-l  indicate  that  hydrothermal  solutions  were 
active  along  reactivated  movement  zones  in  the  hornblende  cataclasite.  Hematization 
of  these  two  hand  specimens  is  quite  evident  by  their  red  coloration. 

Amongst  the  three  crush-rock  types  of  area  III,  Charles  Lake,  mylonite  L 
is  least  recrystallized.  Samples  from  this  rock-type  have  a  uniformly  low  suscep¬ 
tibility  and  thin  sections  show  extensive  chloritization  and  hematization  effects  which 
are  related  to  the  demagnetization  process. 

Samples  lll-j  and  lll-k  are  from  the  narrow  transitional  zone  between  mylonite 
L  and  hornblende  cataclasite  and  apparently  result  from  the  mixing  of  these  two  ad¬ 
jacent  rock  types  with  subsequent  recrystallization.  Susceptibility  values  are  inter¬ 
mediate  between  the  uniformly  low  values  of  mylonite  L  and  the  high  values  of  horn¬ 
blende  cataclasite.  Abundant  magnetite  in  sample  lll-k  is  responsible  for  the  high 
susceptibility  value,  whereas  the  lower  susceptibility  of  sample  lll-j  is  the  result  of 
magnetite  oxidation  to  hematite. 


Susceptibility  Study  of  Area  V,  Charles  Lake 

The  elongate  aeromagnetic  trough  (less  than  61,600  gammas)  on  the  east  side 
of  Charles  Lake  (Map  1)  corresponds  to  the  combined  areas  of  granite  F  and  mylonite 
P.  Whether  the  aeromagnetic  low  is  a  function  of  crushing  or  is  due  to  similar  low- 
aeromagnetic  responses  of  both  rock  types  needs  to  be  tested  by  susceptibility  determ¬ 
inations. 

Four  samples  which  grade  from  granite  F  to  mylonite  P  were  selected  for  study 
(see  Fig.  5). 


Discussion  of  Results 


All  samples  have  very  low-susceptibility  values  which  indicates  that  the  aero¬ 
magnetic  trough  is  unquestionably  due  to  the  uniformly  low-aeromagnetic  response  of 
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Scale:  4  inches  to  1  mile 

Figure  5.  Aeromagnetic  anomaly  and  sample  location  map,  are 


Charles  Lake. 
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both  map-units  and  is  not  a  function  of  the  degree  of  mylonitization . 

Study  of  the  opaque  minerals  in  thin  section  indicates  trace  amounts  of  hem¬ 
atite  and  leucoxene,  whereas  magnetite  is  virtually  absent. 


Susceptibility  Study  of  Area  XIV,  Bayonet  Lake 


Areas  underlain  by  granite  gneiss  typically  correspond  to  areas  of  relatively 
high  aeromagnetic  response.  The  Bayonet  Lake  area  is  underlain  predominantly  by 
granite  gneisses  within  which  a  major  mylonitic  band  is  developed  along  the  east  side 
of  the  lake,  extending  to  both  the  north  and  south.  The  regional  aeromagnetic  map 
(Map  1)  indicates  a  broad  aeromagnetic  trough  coincident  with  the  mapped  extent  of 
my  Ionites,  and  aeromagnetic  relief  increases  rapidly  away  from  the  disturbed  zone. 

In  this  area  XIV,  an  attempt  is  made  to  examine  the  change  in  magnetic 
susceptibility  that  accompanies  mylonitization  of  granite  gneiss.  The  mylonite  band 
parallels  the  regional  strike  of  the  enclosing  granite  gneiss,  and  the  study  samples 
represent  a  cross  section  through  the  band  of  mylonite  and  enclosing  granite  gneiss 

(Fig.  6). 


Watkins  (1961)  studied  the  magnetic  properties  of  a  suite  of  rocks  in  the 
Bayonet  Lake  area  and  demonstrated  that  the  total  measured  magnetic  intensities 
correlate  closely  with  values  derived  from  the  aeromagnetic  map.  The  present  study 
area  XIV  makes  use  of  five  samples  and  magnetic  susceptibility  data  from  the  Bayonet 
Lake  mylonite  band  studied  by  Watkins.  Sample  XlV-e  is  added  to  give  a  more  com¬ 
plete  coverage  of  this  wide  mylonite  band  in  the  present  study. 


Discussion  of  Results 


The  six  samples  illustrate  moderately  well  the  demagnetization  accompanying 
fault  activity  in  granite  gneiss.  Petrographic  analyses  indicate  that  all  the  samples 
have  been  highly  crushed  with  the  exception  of  sample  IV-f.  Hydrothermal  solutions 
have  thoroughly  altered  both  the  mafic  minerals  and  feldspar.  Abundant  hematite 
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results  from  both  alteration  of  magnetite  and  the  introduction  of  iron-rich  solutions 
along  fractures.  Extensive  fault  activity  across  the  entire  width  of  the  sampled 
area  is  responsible  for  low  susceptibility  values. 

Three  samples  adjacent  or  within  the  mylonite  zone  have  susceptibility 
values  ranging  from  16  to  38  c.g.s.  units.  Two  of  these  samples  (XIV-c,  XlV-e) 
are  wel  I -developed  mylonites,  whereas  the  third  (XlV-d)  is  thoroughly  recrystall¬ 
ized.  It  appears  that  recurrent  crushing  of  a  pre-existing  recrystallized  mylonite 
without  subsequent  pronounced  recrystallization  has  left  lenses  of  uncrushed  re¬ 
crystallized  rock  (eg.  XlV-d)  within  the  mylonite  band. 

Three  granite  gneiss  samples  outside  the  mylonite  zone  have  susceptibilities 
ranging  from  76  to  882  c.g.s.  units.  The  two  samples  west  of  the  fault  zone  appear 
to  be  highly  recrystallized  mylonites  which  were  later  subjected  to  minor  crushing 
as  evidenced  by  slight  granulation  along  grain  margins.  The  sample  east  of  the 
mylonite  zone  shows  no  granulation  effects  and  is  the  only  sample  in  this  group  con¬ 
taining  trace  amounts  of  hematite,  whereas  concentrations  of  hematite  in  other 
samples  range  from  0.2  to  4  per  cent. 


iu  .jl  «  V.  I  ■  H  v  t  >jb»  ■'«  HI 
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TABLE  23.  SUSCEPTIBILITY  DATA  OF  SAMPLES  FROM  AREA  XIV,  BAYONET  LAKE 
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Legend 
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Figure  6.  Aeromagnetic  anomaly  and  sample  location  map,  area  XIV 

Bayonet  Lake. 
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CHAPTER  FOUR 

DETAILED  PETROLOGIC  STUDIES 

General  Statement 

Rock  sample  suites  were  collected  at  closely  spaced  intervals  along  selected 
traverses  through  the  cataclastic  rocks.  Many  of  these  sample  suites  and  a  few  groups 
of  irregularly  distributed  samples  are  used  for  detailed  examination  of  various  petro¬ 
logic  aspects.  Fifteen  detailed  study  areas  are  located  and  numbered  on  the  map-sheets, 
and  are  successively  examined  in  a  north  to  south  and  west  to  east  sequence.  The  loc¬ 
ation  of  samples  from  each  study  area  is  not  given  on  the  map-sheets  by  virtue  of  the 
close  spacing  of  samples,  but  the  stratigraphic  sequence  and  relative  distance  between 
samples  are  shown  on  graphs  for  each  study  area. 

The  main  purpose  of  this  chapter  is  to  describe  the  changes  that  arise  in  pass¬ 
ing  from  parent  to  cataclastically-derived  rock,  and  attempt  to  confirm  parent-daughter 
relationships  where  petrogenesis  remains  doubtful.  Other  aspects  investigated  include: 
the  amount  of  mixing  of  adjacent  mylonites  in  complex  mylonite  zones;  the  fate  of 
magnetite  with  increasing  degree  of  cataclasis;  and  change  of  metamorphic  grade  with 
cataclasis.  Various  techniques  are  used  in  these  studies  and  a  brief  description  of 
each  fol lows. 

The  fine-grained  matrix  of  crushed  rocks  makes  quantitative  modal  analysis 
difficult  and  commonly  impossible;  as  the  matrix  grain  size  approaches  the  thickness  of 
the  rock  slice  in  thin  section  (0.03  mm)  or  smaller,  the  volume  estimation  of  the  con¬ 
stituent  minerals  become  increasingly  unreliable*  (Chayes,  1956;  Elliott,  1952).  Errors 


* 


Thorough  discussion  of  the  lower  limit  of  thin  section  analysis  is  made  in  Appendix  C, 
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in  quantitative  estimates  are  primarily  due  to  two  factors:  overlap  of  adjoining  grains 
with  dissimilar  relief;  and  difficulty  in  restricting  observations  to  the  upper  surface  of 
the  rock  slice.  In  this  study,  the  two  sources  of  error  are  subdued  by  the  use  of  thin 
sections  about  0.02  mm  thick  which  decreases  the  overlap  effect  of  adjacent  grains, 
strong  hydrofluoric  acid  etch  which  frosts  the  feldspars  and  helps  to  restrict  obser¬ 
vations  to  the  upper  surface  of  the  rock  section,  and  sodium  cobaltinitrite  staining 
of  potash  feldspar  which  also  is  a  surface  feature  that  aids  in  restricting  observations 
to  the  upper  plane  of  the  rock  slice.  Modal  analyses  in  this  chapter  represent  visual 
estimates,  unless  otherwise  specified,  made  on  treated  thin  sections,  and  operator 
bias  is  effectively  eliminated  by  obscuring  the  sample  number  of  thin  sections  from 
each  study  area,  and  analysing  thin  sections  in  a  random  sequence.  The  volume  es¬ 
timate  of  minerals  is  presented  in  tables  (Appendix  A)  and  graphs  (Figures  7  to  21). 

In  the  graphs, hornblende  plus  biotite,  and  chlorite  plus  epidote  form  natural  pairs  by 
virtue  of  their  mutual  association  in  rocks,  and  provide  indicators  of  metamorphic 
grade. 

Chemical  data  are  based  on  X-ray  fluorescence  analyses**.  Only  Na20, 
^2^5'  an<^  ^°SS  °n  ’9n'^'on  are  Peking  for  a  complete  normal  silicate  rock  analysis. 
Wet  chemical  analyses  (Chapter  Two)  indicate  a  general  range  of  4.5  to  6.5  per  cent 
for  Na20  +  ^2^5  +  ^  oss  on  ignition,  which,  if  added  to  the  X-ray  fluorescence 
analyses  gives  approximate  totals  of  100  +  3  per  cent  for  virtually  all  samples  ana¬ 
lysed.  The  cafemic  oxides,  Fe2Og,  TiC>2,  MnO,  MgO,  and  CaO,are  grouped  and 
represented  as  one  line  on  the  graphs  by  virtue  of  their  generally  sympathetic  concen¬ 
tration;  CaO  is  found  mainly  in  plagioclase  and  epidote,  whereas  the  other  oxides 
are  found  either  as  components  in  individual  mafic  minerals  such  as  hornblende, 

**  Details  of  the  method  employed,  discussion  of  the  limitations,  statistical  assessment 
of  reliability,  and  comparison  with  chemical  analyses  are  treated  in  Appendix  B. 
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biotite,  chlorite,  garnet,  magnetite,  and  ilmenite,  or  are  diadochic  in  these  minerals. 

Theoretically,  a  systematic  change  in  plagioclase  composition  from  parent  to 
the  cataclastical ly-derived  rock  would  likely  be  observed,  and  would  be  most  pro¬ 
nounced  where  basic  rocks  are  affected.  However  my lonitization  is  relatively  rapid, 
and  probably  produces  a  mixture  of  plagioclase  derived  by  cataclasis  and  neomineral¬ 
ization.  In  addition,  hydrothermal  and  metasomatic  activity  tends  to  be  irregular, 
and  varied  degrees  of  alteration  are  noted  in  the  plagioclase  within  each  study  area. 

A  thorough,  statistical  study  of  plagioclase  composition  in  cataclastic  rocks  is  required, 
but  is  beyond  the  scope  of  this  thesis. 

Specific  gravity  measurements  were  made  on  51  samples  from  5  detailed  study 
areas.  The  samples  were  pre-wetted  in  distilled  water  to  reduce  the  formation  of  air 
bubbles  which  may  adhere  to  the  rocks,  and  specific  gravity  values  are  corrected  for 
variation  in  water  temperature. 

Charles  Lake  Studies 

Area  I 

Thirteen  samples  were  collected  along  an  easterly  traverse  through  the  eastern 
one-half  of  the  northernmost  peninsula  of  Charles  Lake.  The  rock-types  encountered 
were  hornblende  granite  gneiss,  mylonite  L,  and  hornblende  cataclasite.  The  contact 
between  hornblende  granite  gneiss  and  mylonite  L  is  obscured  by  a  linear,  wooded  trough 
that  likely  corresponds  to  the  trace  of  a  strike  fault,  whereas  mylonite  L  grades  into 
hornblende  cataclasite  through  a  mixed  zone  about  10  feet  wide. 

Mylonite  L  is  distinctive  in  area  I  by  virtue  of  the  high  content  of  potash  feld¬ 
spar  and  white  mica,  small  amounts  of  mafic  minerals,  high  SiC^  and  K^O,  and  low 
cafemic  oxides.  Hornblende  cataclasite  typically  has  abundant  plagioclase,  small 
amounts  of  potash  feldspar  and  hornblende,  low  SiC^  and  k^O,  high  A^O^  and  cafemic 
oxides,  and  an  extremely  high  Sr  content. 
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Figure  7.  Petrologic  profiles  for  samples  from  area  I, 
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The  matrix  average  grain  size  increases  gradually  from  0.01  to  0.02  mm  in 
passing  from  mylonite  L  to  hornblende  cataclasite. 

The  probable  derivation  of  mylonite  L  from  biotite  granite  gneiss,  and  horn¬ 
blende  cataclasite  from  hornblende  granite  gneiss  is  demonstrated  in  chapter  two. 

Biotite  granite  gneiss  and  hornblende  granite  gneiss  are  appreciably  dissimilar,  and 
the  derived  cataclastic  rocks  possess  features  that  correspond  to  the  differences  in  the 
parent  rock.  Hornblende  granite  gneiss  is  genetically  unrelated  to  mylonite  L,  and 
the  juxtaposition  of  the  two  rocks  is  attributed  to  faulting.  Mineralogical  and  chemical 
trends,  and  grain  size  measurements  indicate  a  gradational  contact  zone  between  my¬ 
lonite  L  and  hornblende  cataclasite.  The  mixed  zone  of  cataclastic  rocks  has  an  inter¬ 
mediate  composition,  and  the  width  of  the  zone  is  an  indication  of  the  amount  of 
intermingling  of  mylonite  L  with  hornblende  cataclasite  during  deformation.  The 
massive,  inequigranular,  and  crystal loblastic  nature  of  hornblende  cataclasite  con¬ 
trasted  with  the  pulverized  matrix,  fractured  and  displaced  porphyroclasts,  and  lam¬ 
inated  structure  of  mylonite  L  indicate  that  hornblende  cataclasite  remained  undeformed 
during  a  late  phase  of  cataclasis  that  affected  mylonite  L. 

The  sequence  of  events  disclosed  and  implied  by  evidence  in  the  samples 
from  area  I  may  be  stated:  major  deep-seated  cataclasis  during  the  synkinematic  phase 
of  metamorphism  produced  crushed  rocks  derived  from  biotite  granite  gneiss  and  horn¬ 
blende  granite  gneiss;  relaxation  of  stress  and  continued  high  temperature  promoted 
the  growth  of  feldspar  porphyroblasts  in  mylonite  L;  late-kinematic  dynamorthermal 
activity  ensued  but  was  confined  to  mylonite  L,  perhaps  under  the  influence  of  lub¬ 
ricating  fluids  in  mylonite  L. 

Area  II 

The  four  islands  south  of  the  northernmost  peninsula  of  Charles  Lake  are  under¬ 
lain  by  cataclastic  rocks.  The  largest  island  was  selected  for  close  examination  by 
virtue  of  its  variety  of  crushed  rocks  and  excellence  of  exposures.  Fifteen  samples  were 
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collected  at  irregular  intervals  on  an  easterly  traverse,  and  the  rock-types  successively 
encountered  were  mylonite  K,  mylonite  L,  hornblende  cataclasite,  and  mylonite  L. 
Mylonite  K  grades  into  mylonite  L  with  increase  of  feldspar  megacrysts,  and  hornblende 
cataclasite  forms  a  well-delineated  lens  that  trends  northerly  and  measures  30  feet  by 
100  feet,  and  has  a  sharp  contact  with  mylonite  L. 

A  second  phase  of  paracrystal I ine  cataclasis  and  post-crystalline  deformation 
have  produced  secondary  cataclastic  rocks  through  part  of  the  island,  and  matrix  grains 
of  the  western  bodies  of  mylonite  K  and  L  are  sufficiently  comminuted  to  make  quan¬ 
titative  estimates  of  the  minerals  virtually  impossible.  The  renewed  mylonitization  has 
produced  abundant  secondary  cry ptomy Ionite  and  kakirite  from  mylonite  K,  and  the 
graphs  showing  the  chemical  data  for  this  rock-type  have  an  irregular  pattern.  SiC^ 
in  mylonite  K  is  exceedingly  low  (about  60  per  cent)  compared  to  mylonite  K  standard 
samples  (about  70  per  cent)  and  may  be  due  to  mobilization  of  silica  during  secondary 
mylonitization;  SiC^  increases  rapidly  towards  the  contact  with  mylonite  L  and  attains 
a  normal  amount  (about  73  per  cent)  for  mylonite  L.  A^O^  in  mylonite  K  has  an 
irregular  distribution  with  a  range  from  about  13  to  18  per  cent.  I^O  shows  a  highly 
irregular  distribution  in  mylonite  K  with  a  range  from  0.5  to  6  per  cent,  and  it  is  likely 
that  potash  has  been  locally  leached,  and  enriched  in  adjacent  rocks.  The  cafemic 
oxides  curve  shows  considerable  increase  in  several  mylonite  K  samples,  a  feature 
predominantly  due  to  high  CaO  which  was  introduced  into  the  rock  in  the  form  of 
numerous  epidote  veins.  The  element  Sr  is  exceedingly  concentrated  in  one  mylonite 
K  sample  (about  two  times  more  abundant  than  other  mylonite  K  samples).  The  enrich¬ 
ment  may  be  attributed  to  excessive  local  epidotization  with  consequent  enrichment 
of  Ca  and  geochemical ly  similar  Sr.  It  may  be  significant  that  the  highest  enrichment 
of  Sr  is  found  in  the  single  kakirite  sample  with  abundant  mylonitized  epidote,  com¬ 
pared  to  adjacent  samples  of  cryptomylonite  with  undeformed  to  partly  sheared  epidote 
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Hornblende  cataclasite  and  mylonite  L  on  the  east  side  of  the  island  are  only 
slightly  affected  by  secondary  my lonitization  and  are  sufficiently  coarse-grained  for 
modal  analysis.  Hornblende  cataclasite  has  undergone  partial  crushing  during  second¬ 
ary  mylonitization,  with  the  development  of  distinct  laminations  in  three  or  the  four 
hornblende  cataclasite  samples  resulting  in  secondary  mylonites.  Modal  and  chemical 
analyses  of  hornblende  cataclasite  samples  show  good  correlation  with  data  of  the 
standard-rock  specimens  (chapter  two),  the  most  diagnostic  features  being:  abundant 
plagioclase,  minor  microcline,  and  scattered  hornblende  porphyroc lasts;  low  SiC^ 

(66  per  cent),  low  I^O  (2  per  cent),  high  cafemic  oxides  (9  per  cent),  and  extremely 
high  Sr  (1,400  ppm).  Examination  of  the  graphs  shows  that  samples  between  hornblende 
cataclasite  and  mylonite  L  are  intermediate  in  mineral  and  chemical  composition. 
Physical  mixing  of  these  two  dissimilar  rocks  or  homogenization  by  ionic  diffusion 
(or  both)  may  have  been  operative  through  several  inches  to  one  foot.  However, 
ionic  diffusion  is  favoured  due  to  the  relatively  abrupt  contact  between  the  two  rock- 
units  in  outcrop.  The  survival  of  a  small  lens  of  hornblende  cataclasite  within  a  wide 
mylonite  band  that  has  experienced  three  episodes  of  cataclasis  is  evidence  of  limited 
mixing  of  adjacent  rock-types  during  cataclasis  and  lends  support  to  the  validity  of 
multiple  speciation  of  cataclastic  rocks  comprising  complex  mylonite  zones.  An  im- 
portant  stratigraphic  implication  is  that  a  single  distinctive  parent  rock-type  gives  rise 

to  a  correspondingly  distinctive  cataclastic  rock-type,  and  either  parent  rock  or  de¬ 

rived  rock  may  be  used  for  regional  correlation. 

Mylonite  L  and  hornblende  cataclasite  of  area  II  are  similar  to  the  corres¬ 
ponding  rocks  of  area  I  and  represent  the  on-strike  continuation  of  the  cataclastic  band. 
Two  major  and  one  minor  episode  of  cataclasis  are  evident:  phase  1,  synkinematic  de¬ 
formation  produced  a  wide  band  of  cataclastic  rocks  from  biotite  and  hornblende  granite 
gneiss,  followed  by  a  period  of  subdued  shearing  and  continued  high  temperature  which 
induced  the  formation  of  microcline  porphyroblasts  and  partial  recrystallization  of  the 
matrix;  phase  2,  late-kinematic  rejuvenation  of  shearing  stress,  combined  with  waning 
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figure  8.  Petrologic  profiles  for  samples  from  area  II, 


Charles  Lake. 
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DISTANCE  IN  FEET  BETWEEN  SAMPLES  Total  distance 

670  feet 


Figure  8. 
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temperatures  produced  secondary  cry ptomy Ionite  with  fractured  and  displaced  porphy- 
roclasts  that  were  partly  filled  by  crushed  material,  with  only  slight  recrystallization 
of  the  matrix;  uplift  of  the  rocks  to  a  relatively  shallow  level  was  followed  by  the 
formation  of  open  fractures  later  filled  with  epidote;  phase  3,  locally  intense  post¬ 
crystalline  fault  activity  developed  kakirite  and  tertiary  cryptomylonite  which  were 
mobile  and  intrusive  in  places. 

Area  III 

The  second  peninsula  south  of  areas  I  and  II,  Charles  Lake  is  partly  under¬ 
lain  by  cataclastic  rocks.  The  remainder  is  composed  of  a  minor  mass  of  hornblende 
granite  gneiss  and  a  broad,  elongate  body  of  foliated  hornblende  granite  which  en¬ 
closes  small  lenses  of  biotite  granite  gneiss.  This  body  of  foliated  hornblende  granite 
probably  represents  a  granite  syntectonical ly  intruded  concordant  with  the  northerly 
structural  trend  of  the  enclosing  rocks. 

The  general  sequence  of  cataclastic  rocks  in  area  III  is  similar  to  that  in 
area  I:  in  an  easterly  direction,  -  mylonite  L,  mixed  mylonite,  and  hornblende 
cataclasite  are  successively  encountered.  Westerly  from  the  cataclasitc  band  fol¬ 
iated  hornblende  granite  becomes  less  sheared.  The  eastern  margin  of  the  cataclastic 
band  is  formed  by  the  shoreline  of  Charles  Lake,  but  patches  of  grey  hornblende  granite 
(locally  developed  along  this  eastern  margin)  are  too  small  to  show  on  the  map.  Horn¬ 
blende  granite  gneiss  is  the  prevalent  rock  in  the  terrain  east  of  the  cataclastic  band 
but  an  intervening  elongate  bay  obscures  the  contact. 

The  eighteen  samples  used  in  this  study  (Fig.  4)  are  scattered  throughout  the 
length  of  the  peninsula.  Most  of  the  samples  selected  for  measurement  of  magnetic 
susceptibility  showed  different  degrees  of  cataclasis  within  each  rock-type.  Two 
hornblende  granite  gneiss  samples  from  the  area  east  of  the  cataclastic  band  have 
been  included  to  examine  the  genetic  relationship  between  hornblende  granite  gneiss 
and  hornblende  cataclasite.  The  different  types  of  data  derived  from  these  samples 
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are  plotted  on  graphs  in  which  each  rock-type  is  placed  in  its  proper  field  setting,  and 
the  samples  from  each  rock-type  are  generally  arranged  according  to  average  matrix 
grain  size. 

The  possibility  that  foliated  hornblende  granite  is  the  parent  rock  of  hornblende 
cataclasite  was  dispelled  in  chapter  two,  and  the  dissimilarity  of  the  two  rocks  is  un¬ 
questionably  demonstrated  by  the  configuration  of  the  graphs:  foliated  hornblende 
granite  has  abundant  potash  feldspar  and  quartz,  and  small  amounts  of  plagioclase, 
whereas  hornblende  cataclasite  has  abundant  plagioclase  and  relatively  small  amounts 
of  potash  feldspar  and  quartz;  chemically,  foliated  hornblende  granite  has  10  per  cent 
more  silica,  5  per  cent  less  alumina,  3  per  cent  more  potash,  and  about  3  per  cent  less 
cafemic  oxides  than  hornblende  cataclasite;  Rb  and  Sr  are  low  in  foliated  hornblende 
granite,  compared  with  prolific  Sr  and  low  Rb  in  hornblende  cataclasite.  Progressive 
cataclastic  effects  in  foliated  hornblende  granite  are  noted  as  the  contact  with  my- 
lonite  L  is  approached:  the  rocks  become  more  crushed,  with  the  development  of 
protomylonite  and  mylonite;  potash  feldspar  and  quartz  diminishes,  and  plagioclase 
increases;  chemical  changes  appear  to  be  insignificant,  although  a  slight  decrease  in 
SiC>2  and  slight  increase  in  are  indicated;  Sr  increases;  and  the  specific  gravity 

increases.  Obvious  changes  in  mineralogy  are  not  accompanied  by  corresponding  changes 
in  chemistry.  It  is  likely  that  the  foliated  hornblende  granite  body  behaved  as  a  closed 
system,  and  changes  in  mineralogy  are  accommodated  by  changes  in  the  composition  and 
proportion  of  the  constituent  minerals.  The  increase  of  specific  gravity  with  increasing 
degree  of  cataclasis  is  likely  due  to  the  reduction  of  pore  space;  sample  lll-f  is  highly 
recrystallized  (blastomy Ionite)  and  may  have  contributed  to  a  greater  specific  gravity 
by  further  elimination  of  pore  space  under  considerable  load  pressure. 

Mylonite  L  possesses  several  mineral  and  chemical  features  that  are  inter¬ 
mediate  between  foliated  hornblende  granite  and  hornblende  cataclasite.  However, 
distinctive  characteristics  of  mylonite  L  consist  of  negligible  biotite,  abundant  white 
mica,  low  basic  oxides,  and  low  specific  gravity  (which  may  be  deduced  from  the 
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felsic  appearance  of  the  hand  specimens).  Mylonite  L  in  area  III  is  similar  to  the  same 
rocks  in  areas  I  and  II. 

A  narrow  zone  of  mixed  mylonite  is  intermediate  in  mineral  and  chemical 
composition  (particularly  SiC^  and  I^O)  between  mylonite  Land  hornblende  cata- 
clasite.  A  tendency  to  be  enriched  in  mafic  minerals,  and  ^203  is  reflected  in  the 
high  magnetic  susceptibility  and  high  specific  gravity.  In  addition,  mixed  mylonite 
is  more  readily  recrystallized,  resulting  in  coarser  grain  size  than  the  adjacent  cat- 
aclastic  rocks.  It  seems  feasible  that  mixed  mylonite  is  the  product  of  reaction  between 
highly  dissimilar  mylonite  Land  hornblende  cataclasite.  The  general  features  and  rock 
association  of  mixed  mylonite  in  areas  I  and  ill  are  similar,  although  the  basic  char¬ 
acter  is  not  as  well  developed  in  the  former  area.  Incipient  development  of  mixed 
mylonite  is  observed  in  area  II. 

Hornblende  cataclasite  is  sufficiently  recrystallized  locally  along  the  east¬ 
ern  margin  of  the  band  to  warrant  classification  as  grey  hornblende  granite.  Grey 
hornblende  granite  is  fine  grained  (0.4  mm  average  matrix  grain  size),  massive,  and 
inequigranular,  with  spherical  to  elliptical  hornblende  and  plagioclase  megacrysts. 
Matrix  grains  show  highly  sutured  grain  margins,  and  the  plagioclase  megacrysts  have 
indented  boundaries,  which  are  the  effects  of  thorough  recrystallization.  The  contact 
with  hornblende  granite  gneiss  is  obscured  by  the  lake,  but  an  attempt  is  made  to 

i 

demonstrate  the  genetic  affinity  of  hornblende  granite  gneiss,  grey  hornblende  granite, 
and  cataclasite.  Two  hornblende  granite  gneiss  samples  are  added  to  the  original 
samples  that  were  selected  for  magnetic  susceptibility  measurements:  sample  lll-q  is 
located  near  the  tip  of  the  deep  bay,  and  standard-rock  sample  93  is  located  about 
one  mile  east  of  the  bay.  Both  samples  are  well  foliated,  banded,  and  pinkish  grey  in 
colour,  and  the  microscope  reveals  an  equigranular,  fine-  to  medium-grained  texture. 
The  graphs  show  many  systematic  mineral  and  chemical  changes  in  the  sequence  from 
hornblende  cataclasite  to  grey  hornblende  granite  and  hornblende  granite  gneiss:  de¬ 
crease  in  plagioclase  and  quartz,  and  erratic  increase  of  potash  feldspar,  and  increase 
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of  hornblende  +  biotite  at  the  expense  of  epidote  +  chlorite;  SiC>2  decreases  markedly, 
decreases  slightly,  basic  oxides  increase  markedly,  and  K^O  increases  slightly; 

Sr  is  exceedingly  abundant  in  hornblende  cataclasite  and  related  rocks,  and  shows  a 
regular  increase  with  grain  size  to  grey  hornblende  granite,  then  decreases  substan¬ 
tially  in  hornblende  granite  gneiss.  Thus,  the  field  association,  and  many  character¬ 
istics  of  the  mineral,  chemical,  and  textural  features  indicate  a  gradational  relation¬ 
ship  among  hornblende  cataclasite,  grey  hornblende  granite,  and  hornblende  granite 
to  gneiss.  Cataclasis,  therefore,  has  been  accompanied  by  chemical  adjustment; 
particularly  enrichment  of  SiC^,  ^2^3'  and  Sr  in  the  cataclasite,  with  some  re¬ 
moval  of  cafemic  oxides  to  the  mixed  mylonite  zone.  Hornblende  cataclasite  and 
grey  hornblende  granite  show  an  apparent  increase  in  specific  gravity  with  decrease 
in  grain  size.  However,  the  specific  gravity  is  related  to  the  distribution  of  basic  oxides, 
and  perhaps  to  a  lesser  degree,  to  the  average  matrix  grain  size. 

Many  systematic  mineral  and  chemical  trends  are  noted  throughout  area  III. 

These  systematic  changes  are  accounted  for  by  a  west  to  east  sequence  of  three  dis¬ 
tinctive  chemical  groups  of  rocks  -  from  highly  acidic  foliated  hornblende  granite,  to 
acidic  mylonite  L,  and  to  intermediate  hornblende  cataclasite  and  related  rock-types. 
Also,  near  the  interface  of  dissimilar  rock-types  cataclasis  and  thermodynamic  dis¬ 
equilibrium  has  likely  promoted  mechanical  mixing  and  ionic  diffusion  respectively. 
Nevertheless,  the  megascopic  distinctiveness  of  each  rock-type  and  their  mutual  contacts 
remain  well-defined. 

The  tectonic  history  of  area  III  may  be  outlined  as  follows:  cataclasis  pro¬ 
duced  mylonite  L  and  hornblende  cataclasite  from  biotite  granite  gneiss  and  hornblende 
granite  gneiss,  respectively.  Subsequent  relaxation  of  stress  during  the  syntectonic  stage 
permitted  foliated  hornblende  granite  to  be  intruded  along  the  interface  between  my¬ 
lonite  L  and  biotite  granite  gneiss.  Reactivated  movement  in  the  late-kinematic  stage 
was  chiefly  restricted  to  the  east  side  of  the  foliated  hornblende  granite  body.  No 
evidence  of  post-crystalline  fault  activity  is  seen  in  area  III. 
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Area  IV 

Raisin  granite  forms  an  elongate,  continuous  mass  in  the  northwestern  part 
of  the  Charles  Lake,  North  map-area,  and  typically  has  numerous,  2  to  5  mm, 
rounded  feldspar  porphyroc lasts  that  are  loosely-packed  in  a  finely-laminated,  wavy 
chloritic  matrix.  The  examination  of  hand  specimens,  polished  rock  slabs,  and  thin 
sections  shows  that  unsheared  remnants  of  the  porphyritic  parent  rock  and  all  tex¬ 
tural  gradations  to  typical  raisin  granite  are  present.  Six  samples  are  used  to  show 
the  textural  variation  and  the  mineral  and  chemical  changes  that  accompany  pro¬ 
gressive  shearing.  The  arrangement  of  samples  from  left  to  right  on  the  graphs 
corresponds  to  decreasing  shear  effects. 

Thin  sections  show  a  continuous  textural  gradation  from  unsheared,  por¬ 
phyritic  granodiorite  to  flaser  granodiorite  (Plate  9,f,e,c,b)  with  plagioclase  and 
microcline  megacrysts,  and  rare,  sheared  polycrystalline  fragments  persisting  into 
the  sheared  phases  as  augen-shaped  porphyroclasts.  Microcline  megacrysts  are  highly 
albitized  (Plate  9,h).  The  sparsity  of  rock  fragments  in  flaser  granodiorite  is  not 
unexpected,  as  the  numerous  megacrysts  act  as  mechanically  stable  units  that  in¬ 
dividually  comminute  the  enclosing  matrix  upon  shearing,  and  leave  only  remnants 
of  the  matrix  along  the  periphery  of  some  porphyroclasts.  Progressive  cataclasis  in 
the  matrix  is  accompanied  by  the  development  of  "shoestring"  quartz  from  quartz 
blebs,  and  by  comminution  of  quartz,  plagioclase,  and  biotite. 

Appreciable  mineralogic  inhomogeneity  of  raisin  granite  is  demonstrated  by 
the  irregular  distribution  of  plagioclase,  quartz,  and  microcline.  Increasing  degree 
of  cataclasis  increases  chlorite  at  the  expense  of  biotite.  The  virtual  absence  of  shear 
effects  in  sample  91  may  be  partly  explained  by  its  relative  resistance  to  shearing 
due  to  low  content  of  mica.  The  presence  of  2  per  cent  garnet  in  sample  IV-c  may  be 
due  to  assimilation  of  metasedimentary  inclusions. 

The  chemical  analysis  of  standard  sample  84  presented  in  chapter  two  is  not 
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Figure  10.  Petrologic  profiles  for  samples  from  area  IV, 
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used  in  this  detailed  study,  and  chemical  analysis  of  standard  sample  91  is  not  available. 
The  graphs  show  chemical  variations  that  are  unrelated  to  increasing  degree  of  cataclas- 
is,  except  for  an  apparent  loss  of  SiC^/  and  increase  in  Sr.  Table  28  (Appendix  A) 
shows  that  CaO  content  in  samples  IV-a  and  IV-b  is  twice  as  high  as  the  less-sheared 
parent  rocks,  and  may  reflect  pre-deformation  chemical  differences  in  the  granitic 
mass,  or  Ca  and  Sr  may  have  migrated  into  highly  sheared  phases  during  cataclasis. 

Mylonitized  phases  of  raisin  granite  may  be  classified  as  either  flaser  gran- 
odiorite  or  protomylonite,  but  the  former  name  is  deemed  more  appropriate  due  to  the 
prevalence  of  augen-structure  which  is  cited  by  Tyrrell  (1926)  as  a  characteristic 
feature  of  flaser  rocks.  The  rock  c omposition  is  predominantly  granodiorite,  but 
ranges  into  the  quartz  diorite  and  quartz  monzonite  fields. 

Raisin  granite  likely  represents  one  phase  of  multiple  synkinematic  magma 
intrusion  along  the  western  margin  of  the  Charles  Lake  map-areas.  Cataclasis  has 
rounded  and  stretched  the  phenocrysts,  and  comminuted  much  of  the  matrix.  Quartz 
blebs  have  yielded  both  by  brittle  fracture  which  results  in  microcrystalline  aggregates, 
and  by  flow  during  recrystallization  which  produced  "shoestring11  quartz  that  curves 
around  porphyroclasts.  Increasing  degree  of  cataclasis  was  accompanied  by  progressive 
chloritization  of  biotite. 

Area  V 

A  broad,  composite  my  Ionite  P  -  granite  F  band  along  the  east  shoreline  of 
Charles  Lake  extends  the  length  of  map-area  10.  Mylonite  P  is  developed  along  the 
western  part  of  granite  F,  and  is  in  contact  commonly  with  mylonite  K.  Samples  from 
area  V  represent  a  section  through  the  cataclastic  rocks  and  the  corresponding  parent 
rocks.  The  sequence  of  rocks  encountered  on  an  easterly  traverse  comprises  sheared, 
chlorite  granite  gneiss,  mylonite  K,  mixed  mylonite,  mylonite  P,  sheared  granite  F, 
and  granite  F.  The  main  purpose  of  this  study  is  to  determine  the  mineral  and  chemical 
changes  that  accompany  cataclasis  of  medium-  to  coarse-grained  granite  F,  and  a  sec- 
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ondary  aim  is  to  describe  the  nature  of  a  mixed  zone  of  mylonite. 

Transitional  contacts  are  seen  where  mylonite  P  and  granite  F  are  associated, 
and  general  megascopic  features  of  the  two  rock-types  unequivocally  establishes  a 
parent-daughter  relationship.  Five  samples  from  area  V  show  a  gradational  change 
from  a  fine-grained  to  aphanitic  matrix,  and  massive  to  finely  laminated  structure, 
and  are  used  to  demonstrate  the  mineral  and  chemical  changes  that  accompany  cata- 
clasis  of  a  homogeneous  rock.  Microcline  porphyroblasts  25  to  50  mm  in  length 
cannot  be  accommodated  on  small  thin  sections,  but  5  to  20  mm  megacrysts  can  be 
included  in  thin  sections  used  for  systematic  detailed  analysis.  Rock  slices  repre¬ 
sentative  of  large  samples  were  crushed  for  X-ray  fluorescence  analysis. 

Mineralogical  changes  accompanying  granulation  of  granite  F  are  slight  and 
irregular,  and  only  quartz  shows  a  systematic  decrease  with  increasing  degree  of  cat- 
aclasis.  The  westernmost  sample  of  mylonite  P  appears  anomalous  and  may  be  due  to 
mechanical  mixing  of  granite  gneiss  or  metaseds  -  typically  peripheral  to  granite  F  - 
during  cataclasis.  Decrease  in  SiC^  with  increasing  degree  of  cataclasis  is  the  single 
chemical  trend. 

Mixed  mylonite  is  textural ly  classified  as  cryptomy Ionite  and  is  too  fine¬ 
grained  for  modal  estimation,  but  chemical  data  reveals  a  highly  acidic  composition 
that  cannot  be  correlated  with  the  adjacent  rocks  and  may  be  the  product  of  basic 
oxide  leaching  and  silicification.  Mylonite  K,  which  is  derived  from  biotite  granite 
gneiss,  is  not  represented  in  this  study.  The  mineralogy  of  sheared  chloride  granite  gneiss 
differs  considerably  from  mylonite  P,  but  the  chemical  composition  is  comparable;  this 
apparent  peculiarity  is  due  to  a  fortuitous  circumstance  whereby  different  proportions  of 
the  same  minerals  in  two  different  rocks  give  a  comparable  bulk  chemical  composition. 

The  graph  showing  specific  gravity  of  the  samples  from  area  V  is  identical  to 
the  graph  showing  the  distribution  of  basic  oxides,  and  the  two  parameters  can  be  dir¬ 
ectly  related.  The  variation  of  SiC>2  and  degree  of  crushing  may  also  contribute  app¬ 
reciably  to  changes  in  specific  gravity. 
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Magnetic  susceptibility  of  mylonite  P  and  granite  F  samples  is  uniformly 
low  and  shows  no  significant  trend,  and  is  due  to  the  virtual  absence  of  magnetite. 

Metasomatism  likely  took  place  during  a  late  stage  of  cataclasis  as  ev¬ 
idenced  by  the  presence  of  abundant  1  to  2  inch  microcline  megacrysts  with  all 
gradations  from  augen  to  euhedral  shapes.  Apparently,  part  of  the  large-size 
microcline  megacrysts  in  mylonite  P  are  inherited  from  the  parent  rock,  but  most 
of  the  megacrysts  initiated  growth  during  the  terminal  phase  of  cataclasis.  They 
grew  under  the  influence  of  moderate  temperature  and  progressively  relaxed  stress 
until  deformation  had  virtually  ceased.  The  presence  of  mobile  potash  during  the 
late  history  of  mylonite  P  is  seen  by  the  extensive  development  of  replacement  anti- 
perthite,  and  potash  feldspar  folia  and  veins.  The  genesis  of  the  large  feldspar  meg¬ 
acrysts  is  discussed  in  chapter  six. 

The  biotite  granite  gneiss  -  granite  F  contact  acted  as  a  locus  for  faulting, 
and  mylonites  are  derived  from  both  wall  rocks. 


Area  VI 


Area  VI  is  about  4  miles  south  from  area  V,  and  samples  of  mylonite  P, 
granite  F,  granitic  metasedimentary  rocks,  and  hornblende  granite  gneiss  were  succ¬ 
essively  collected  along  an  easterly  traverse.  This  study  is  an  attempt  to  elucidate 
chiefly  the  genetic  relationship  between  granite  F  and  granitic  metasedimentary 
rocks,  and  to  provide  additional  data  to  define  the  changes  that  accompany  cata¬ 
clasis  of  granite  F.  Peripheral  bands  and  inclusions  of  quartzose  and  granitic  meta¬ 
sedimentary  rocks  are  found  with  most  granite  F  bodies,  and  are  regarded  as  ungran- 
itized  remnants. 

The  graphs  show  the  two  samples  of  granite  F  have  dissimilar  mineral  com¬ 
positions  but  a  similar  chemical  composition.  Close  examination  of  the  mineral  pairs 
plagioclase-muscovite,  and  biotite-ch lorite  (supplemented  with  details  from  Table  30, 
Appendix  A)  suggests  that  plagioclase  is  increasingly  sericit.ized  and  biotite  is  corr- 
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espondingly  chloritized  with  decrease  in  grain  size  as  mylonite  P  is  approached.  Min- 
eralogical  data  for  the  single  mylonite  P  sample  (Vl-a)  is  unavailable  due  to  the  fine- 
grain  size  of  the  rock,  however,  chemical  data  indicate  a  significant  decrease  in 
Si02  an<^  'ncrease  *n  IC)0  in  mylonite  P  compared  to  granite  F,  analogous  to  the 
mylonite  P-granite  F  transition  in  area  V. 

The  metasedimentary  rocks  of  area  VI  have  a  dissimilar  mineral  assemblage 
compared  to  granite  F,  and  include  cordierite,  diopside,  hornblende,  and  actinolite, 
in  addition  to  garnet  which  is  common  to  both  rock-types.  Sample  Vl-d  contains  3 
per  cent  garnet  and  2  per  cent  cordierite  besides  numerous  sharply  outlined  sericite 
knots  that  are  indicative  of  prolific  cordierite  prior  to  diaphthoresis.  Sample  Vl-e 
contains  17  per  cent  diopside  and  8  per  cent  combined  hornblende  and  actinolite  but 
contains  neither  garnet  nor  cordierite.  The  argillaceous  nature  of  sample  Vl-d  is 
indicated  by  about  17  per  cent  AI^O^/  whereas  the  marly  nature  of  sample  Vl-e  is 
shown  by  about  1  1  per  cent  combined  CaO  and  MgO.  Retrogressive  metamorphic 
effects  are  seen  in  the  sericitization  of  cordierite  and  garnet,  alteration  of  hornblende 
to  actinolite,  and  chloritization  of  biotite.  They  are  attributed  to  hydrothermal  sol¬ 
utions  moving  from  the  fault  zone  into  the  adjacent  region  of  upper  amphibolite  and 
lower  granulite  facies  rocks.  The  presence  of  numerous,  thin,  granitic  veins  inter- 
layered  with  metasedimentary  rock  on  a  fine  scale  likely  represents  metamorphic  differ¬ 
entiation  of  felsic  constituents  from  the  metasedimentary  rocks  under  anatectic  con¬ 
ditions.  The  abundance  of  pale  green  hornblende  and  actinolite  in  adjacent  meta¬ 
sedimentary  and  granite  gneiss  samples  suggests  a  genetic  association,  and  mineral  and 
chemical  data  for  the  single  hornblende  granite  gneiss  sample  indicates  a  composition 
that  is  intermediate  between  the  two  metasedimentary  rock  analyses. 

The  contacts  between  adjacent  rock-types  in  the  study  area  are  chiefly 
gradational,  and  the  smooth  chemical  trends  suggest  tin  t  the  four  rock-types  are  gen¬ 
etically  related.  Cataclasis  of  granite  F  has  produced  mylonite  P,  and  details  of  this 
transition  are  treated  in  the  study  of  area  V.  The  granite  F  -  metasedimentary  rock 
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contact  is  both  gradational  and  interfingering,  and  it  seems  likely  that  the  observed 
features  are  due  to  the  combined  effects  of  granitization  of  the  metasedimentary  rocks 
and  upward  migration  of  the  anatectic  granite.  The  metasedimentary  rocks  to  horn¬ 
blende  granite  gneiss  transition  is  an  effect  of  granitization  whereby  the  marginal 
part  of  the  metasedimentary  band  has  been  incorporated  into  the  granite  gneiss  terrain. 

Post-crystalline  fault  activity  was  confined  to  the  westernmost  part  of  my- 
lonite  P,  and  has  produced  megascopic  breccia  with  epidote  filling  the  interstices. 

Area  VII 

Several  small  bands  and  lenses  of  hornblende  cataclasite  are  located  near 
the  shorelines  of  Charles  Lake,  in  the  Charles  Lake,  South  map-area.  Hornblende 
cataclasite  is  always  associated  with  grey  hornblende  granite,  and  both  rock-types  are 
enclosed  by  hornblende  granite  gneiss.  This  setting  provides  the  necessary  field 
association  for  a  study  of  the  genetic  relationships  of  these  three  rock-types,  and  is 
comparable  to  a  similar  study  made  in  area  III.  The  five  samples  used  for  detailed 
analysis  are  located  along  a  curved,  southerly-trending  line  that  joins  standard-rock 
samples  144  (hornblende  cataclasite),  150  (grey  hornblende  granite),  and  152  (horn¬ 
blende  granite  gne  iss) . 

The  north  to  south  arrangement  of  samples  corresponds  to  an  increase  in  grain 
size  except  for  the  hornblende  granite  gneiss  sample.  The  single  hornblende  cata¬ 
clasite  sample  is  typical  of  this  rock-type  with  abundant  quartz,  plagioclase,  and  low 
potash  feldspar  and  mafic  minerals;  about  68  per  cent  SiC^,  15  per  cent  A^O^,  and 
6  per  cent  cafemic  oxides.  Increase  in  grain  size  within  grey  hornblende  granite  and 
on  into  hornblende  granite  gneiss  is  accompanied  by  several  distinct  trends:  increase 
in  amount  of  plagioclase,  and  decrease  in  quartz;  decrease  in  Si02  and  ,  and  in¬ 
crease  in  basic  oxides;  Sr  increases  with  grain  size  in  grey  hornblende  granite,  then 
decreases  markedly  in  hornblende  granite  gneiss.  The  plagioclase  and  K^O  trends  are 
opposite  to  a  similar  study  in  area  III,  but  the  differences  are  minor  in  comparison  to 
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the  major  trends  common  to  both  study  areas,  and  similar  conclusions  may  be  drawn. 
Field,  textural,  mineralogical,  and  chemical  criteria  (p.  134)  indicate  that  horn¬ 
blende  cataclasite,  grey  hornblende  granite,  and  hornblende  granite  gneiss  are  gen¬ 
etically  related,  and  differences  in  megascopic  appearance  among  these  rock-types 
are  due  to  a  combination  of  cataclasis  and  recrystallization. 

Extensive  cataclasis  of  hornblende  granite  gneiss  resulted  in  appreciable 
chemical  adjustments  in  the  derived  rock  -  increase  in  SiC^  and  K^O,  and  a  decrease 
in  cafemic  oxides;  the  amount  of  chemical  change  being  related  to  the  degree  of 
cataclasis.  Subsequent  recrystallization  in  an  environment  of  continued  high  temp¬ 
erature  and  hydrostatic  pressure  produced  a  massive,  inequigranular  rock  with  inter¬ 
locking,  sutured  grains  in  the  matrix  and  spherical  plagioclase  porphyroclasts  with 
irregular  margins.  Where  relatively  higher  temperature  conditions  prevailed,  or 
where  relatively  less  cataclasis  occurred,  or  both,  a  massive  fine-grained,  grey 
hornblende  granite  was  produced.  The  effects  of  hydrothermal  alteration  that  acc¬ 
ompanied  cataclasis  are  seen  in  abundant  spherical  to  elliptical  biotite  and  chlorite 
pseudomorphs  after  hornblende.  Post-crystalline  deformation  has  not  affected  the 
rocks  in  area  VII. 


Cornwall  Lake  Studies 

Area  VIII 

Arch  Lake  granite  forms  a  continuous  mass  along  the  west  margin  of  the  Charles 
Lake,  North,  Central,  and  South  map-areas.  Cataclastic  rocks  are  rarely  developed, 
but  one  lens  2.5  miles  west  of  the  north  tip  of  Cornwall  Lake  shows  a  striking  gradation 
from  aphanitic,  equigranular,  cherty  cryptocataclasite  to  moderately  sheared  Arch  Lake 
granite  through  a  zone  20  feet  wide.  This  gradation  observed  in  the  field  and  the 
corresponding  thin  section  study  is  illustrated  in  Plate  12.  A  relatively  unsheared  sample 
of  Arch  Lake  granite,  located  about  1  mile  west  of  Arch  Lake  is  included  to  complete 
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the  sequence. 

Close  examination  of  polished-rock  slabs  shows  that  aphanitic  material, 
represented  by  sample  Vlll-f,  is  intrusive  into  phaneritic  rock  as  seen  in  sample 
Vlll-e.  Thef  ine-  and  coarse-grained  phases  of  sample  Vlll-e  have  been  separated 
for  individual  analysis  with  the  intention  of  demonstrating  the  similarity  of  fine¬ 
grained  vein  material  in  sample  Vlll-e  with  the  bulk  of  sample  Vlll-f.  The  vein 
material  is  texturally  classified  as  cryptocataclasite,  and  not  pseudotachy lyte,  by 
virtue  of  the  anisotropic  matrix  (Plate  12,  b) .  Modal  analysis  of  cryptocataclasite 
is  virtually  impossible  with  the  petrographic  microscope. 

The  samples  are  arranged  in  a  west  to  east  sequence  that  corresponds  to 
increasing  degree  of  cataclasis,  and  the  profiles  show  many  systematic  trends:  (i) 
increase  in  quartz  and  plagioclase;  (ii)  decrease  in  potash  feldspar,  chlorite  + 
epidote,  white  mica,  and  biotite;  (iii)  increase  in  SiC^;  (iv)  decrease  in 
basic  oxides,  and  t^O;  and  (v)  decrease  in  Rb  and  Sr  in  the  early  stage  of  cataclasis. 
The  net  result  is  silicification,  accompanied  by  a  decrease  in  other  major  oxides. 

It  is  suggested  that  hydrous  solutions  migrated  through  the  rocks  during  cataclasis  to 
promote  chloritization  of  biotite,  preferential  leaching  of  chlorite,  epidote,  white 
mica,  and  potash  feldspar,  and  resulting  in  the  relative  enrichment  of  plagioclase 
and  quartz.  The  leaching  effects  are  more  pronounced  with  increasing  degree  of 
cataclasis  due  to  greater  effective  surface  area  available  for  reaction.  An  intergranular 
film  of  water  may  have  acted  as  a  lubricant  for  intrusion  of  cryptocataclasite  into 
protomy Ionite;  however,  the  presence  of  abundant,  angular  cryptocataclasite  frag¬ 
ments  in  cryptocataclasite  matrix  suggests  a  more  likely  mechanism  for  the  intrusive 
nature  of  cryptocataclasite  -  initial  cataclasis  of  coarse-grained  Arch  Lake  granite 
produced  a  continuous  sequence  from  unsheared  rock  to  cryptocataclasite,  followed 
by  a  second  cataclastic  event  that  chiefly  affected  cryptocataclasite,  causing  brecc- 
iation,  and  migration  of  pulverized  material  into  fractures  developed  in  protomy  Ionite. 
Post-kinematic  fractures  are  filled  by  granoblastic,  unstrained  quartz. 


PLATE  12 
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PLATE  12 


ARCH  LAKE  MYLONITE  (CRYPTOCATACLASITE)  AND 
ARCH  LAKE  GRANITE  (PORPHYRITIC  QUARTZ  MONZONITE) 


a.  Cryptocataclasite.  Sample  Vlll-f,  hand  specimen.  Aphanitic, 

cherty  rock  with  quartz  veins. 

b.  Cryptocataclasite.  Sample  VIII  — f ,  photomicrograph.  Fragmented 

microcline  porphyroclast  invaded  by  cryptocrystalline 
matrix.  Unstrained,  granoblastic  quartz  in  veins.  Crossed 
nicols,  x  10. 

c.  Protomy Ionite .  Sample  VI I l-d,  hand  specimen.  Cryptomy Ionite 

surrounds  protomy  Ionite. 

d.  Protomy  Ionite.  Sample  Vlll-d,  photomicrograph.  Angular  por- 

phyroclasts  in  partly  mylonitized  matrix.  Cryptomy  Ionite 
vein  along  the  right  side  of  the  photomicrograph.  Crossed 
nicols,  x  10. 

e.  Porphyritic  quartz  monzonite,  sheared.  Sample  Vlll-c,  hand 

specimen.  Highly  fragmented  feldspars  in  a  partly  crushed 
matrix. 

f.  Porphyritic  quartz  monzonite,  sheared.  Sample  VIII  — b,  photo¬ 

micrograph.  Fragmented  microcline  with  simple  twinning, 
invaded  by  mylonitic  matrix.  Crossed  nicols,  x  10. 

g.  Porphyritic  quartz  monzonite,  sheared.  Sample  VIJI-b,  hand 

specimen.  Highly  fragmented  feldspars,  in  a  partly 
crushed  matrix. 

h.  Porphyritic  quartz  monzonite,  sheared.  Standard  sample  155, 

photomicrograph.  Partly  granulated  matrix.  Note  the 
quartz  grain  with  grid  pattern  strain  shadows  in  the  center 
of  the  photomicrograph.  Crossed  nicols,  x  10. 
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Figure  14.  Petrologic  profiles  for  samples  from  area  VIII, 

Cornwall  Lake. 
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Area  IX 

In  map-area  1  1 ,  mylonite  P  forms  major  bands  east  of  Charles  Lake,  which 
extend  southerly  between  Cornwall  and  Alexander  Lakes,  and  continue  beyond  the 
southern  margin  of  the  thesis  area  for  an  unknown  distance.  Mylonite  P  and  granite 
F  are  not  associated  with  metasedimentary  rocks  in  the  Charles  Lake,  South  map- 
area  in  contrast  to  occurrences  in  other  parts  of  the  map-area.  East  of  Cornwall 
Lake,  hornblende  granite  gneiss  and  biotite  granite  gneiss  enclose  mylonite  P;  horn¬ 
blende  granite  gneiss  becomes  migmatitic  and  highly  sheared  as  the  mylonite  P 
contact  is  approached  from  the  west,  whereas  biotite  granite  gneiss  becomes  finely 
laminated  and  sheared  as  the  mylonite  P  contact  is  approached  from  the  east.  A 
detailed  rock  suite  was  collected  through  the  western  contact  zone  to  study  primarily 
the  relationship  of  hornblende  granite  gneiss  and  mylonite  P.  The  sequence  of  rock 
types  encountered  in  an  easterly  direction  is  -  sheared,  hornblende  granite  gneiss, 
mylonite  M,  mixed  mylonite,  and  mylonite  P.  The  scale  of  map  representation 
prohibits  placing  mylonite  M  on  the  printed  map.  The  single  sample  collected  in  the 
hornblende  granite  gneiss  band  is  a  sheared  phase  in  which  hornblende  is  absent. 

Examination  of  the  profiles  indicates  a  relatively  uniform  composition 
through  the  contact  zone.  Neither  mylonite  M  nor  mylonite  P  show  distinctive 
mineral  and  chemical  features.  It  is  interesting  to  note  that  I^O  is  relatively 
constant  in  both  mylonite  M  and  mylonite  P,  and  if  these  two  mylonites  are  gen¬ 
etically  related,  the  presence  of  large  feldspar  megacrysts  in  mylonite  P  and  their 
absence  in  mylonite  M  indicates  that  l<20  for  the  microcline  megacrysts  was  derived 
from  the  matrix  of  mylonite  P.  The  definition  of  the  two  mylonite  types  is  based 
upon  thin  section,  hand  specimen  and  outcrop  features  where  relict  gneissic  layering 
and  5  to  15  mm  feldspar  porphyroclasts  in  mylonite  M  compare  with  thin  feldspar 
stringers  and  microcline  megacrysts  from  20  to  100  mm  in  size  in  mylonite  P. 

The  relatively  coarse  average  grain  size  of  the  matrix  through  the  entire 
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suite  of  samples  can  be  attributed  to  uniform  recrystallization  of  the  composite  my- 
lonite  band . 

The  tectonic  history  of  the  rocks  in  area  IX  is  not  clear,  but  an  inter¬ 
pretation  based  primarily  upon  field  observations  is  attempted.  Extensive  granit- 
ization  of  metasedimentary  rocks  was  likely  accompanied  by  infolding  of  meta¬ 
sedimentary  rocks  into  the  granite  gneiss.  Major  cataclasis  probably  was  initiated 
in  the  synkinematic  stage  and  though  mainly  confined  to  granite  F  bodies,  granite 
gneiss  was  also  mylonitized  to  a  lesser  extent.  Late-kinematic  potash  metasomatism 
may  have  developed  microcline  megacrysts.  High  but  declining  temperature  thor¬ 
oughly  recrystallized  the  mylonitic  rocks. 

Treasure  Loch  Study 
Area  X 

Mylonite  P  is  the  prevalent  cataclastic  rock  in  the  Treasure  Loch  mylonite 
band.  Mylonite  K  forms  rare  bands  a  few  tens  of  feet  wide,  but  these  are  too  small 
for  map  representation.  Slightly-sheared  cores  of  granite  F  are  enclosed  by  my¬ 
lonite  P  which  in  turn  is  sheathed  with  metasedimentary  rock.  A  small  mass  of 
mylonite  P  in  the  northeast  region  of  Treasure  Loch  is  selected  for  detailed  study 
by  virtue  of  the  complex  inter-relationships  shown  by  the  associated  rocks:  mylonite 
P  encloses  and  grades  into  granite  F  in  one  direction  and  grades  transitionally  into 
impure  metasedimentary  rocks  in  another  direction;  a  narrow  zone  of  mixed  mylonite 
and  mylonite  K  separate  sheared,  biotite  granite  gneiss  from  the  metasedimentary  band. 

The  granite  F  -  mylonite  P  -  metasedimentary  rock  sequence  is  examined,  and 
the  relationship  of  these  rocks  to  the  adjacent  mylonite  K  and  sheared,  biotite  granite 
gneiss  is  investigated.  The  granite  F  -  mylonite  P  relationship  has  been  studied  also  in 
areas  V  and  VI. 

A  moderate  degree  of  cataclasis  produced  protomylonite  and  rare  mylonite 
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from  granite  F,  and  subsequent  recrystallization  resulted  in  an  increase  in  grain  size 
of  the  crushed  matrix.  Several  trends  are  noted  in  the  profiles  with  decrease  in  grain 
size:  plagioclase  and  biotite  increases,  quartz  and  potash  feldspar  decreases,  and 
cafemic  oxides  increase.  These  trends  are  also  seen  in  area  V,  and  where  inform¬ 
ation  is  available,  in  area  VI.  Thus,  it  is  apparent  that  systematic  mineral  and 
chemical  changes  accompany  my lonitization  of  granite  F  masses. 

Thin  sections  show  that  metasedimentary  rocks  are  moderately  mylonitized, 
and  from  5  to  50  per  cent  of  the  rock  is  crushed.  Relict  garnets  in  white-mica 
mats  and  thorough  sericitization  of  many  plagioclase  grains  are  diaphthoretic  effects 
that  accompanied  cataciasis.  The  transition  from  mylonite  P  to  impure  metasedimen¬ 
tary  rocks  is  accompanied  by  a  large  increase  in  quartz,  white  mica,  and  chlorite, 
and  a  marked  decrease  in  plagioclase.  These  changes  take  place  through  a  contact 
zone  of  several  feet,  which  implies  that  mylonite  P  and  impure  metasedimentary  rock 
have  not  been  appreciably  mixed  during  mylonitization,  and  that  the  pre-cataclastic 
stratigraphy  is  preserved.  The  major  and  minor  oxides  show  an  irregular  distribution 
through  the  metasedimentary  rock  band  and  differences  with  mylonite  P  are  obvious. 
However,  examination  of  data  from  Table  34  (Appendix  A)  indicates  that  high 
(about  8  per  cent)  and  low  CaO  (about  1  per  cent)  are  distinctive  features  of  the 
metasedimentary  rock  band.  The  Sr  content  is  low  in  the  metasedimentary  rock  band 
compared  to  mylonite  P  and  approximately  corresponds  to  the  CaO  distribution  between 
the  two  rocks. 

Mylonitization  along  the  metasedimentary  rocks  -  biotite  granite  gneiss 
contact  has  produced  mylonite  from  both  rocks,  and  a  mixed  mylonite.  Subsequent 
recrystallization  has  obliterated  many  of  the  mylonitic  features  of  the  matrix,  and 
has  given  rise  to  mylonite  gneiss  and  blastomy Ionite.  The  mineralogy  and  chemistry 
of  mylonite  K  and  biotite  granite  gneiss  are  appreciably  different  from  those  of  the 
metasedimentary  rocks;  mixed  mylonite  has  a  composition  appropriately  intermediate 
between  these  rock  types. 
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Figure  16.  Petrologic  profiles  for  samples  from  area  X, 
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The  curves  for  specific  gravity  and  the  basic  oxides  are  virtually  the  same 
shape  and  grain  size  apparently  has  no  appreciable  affect  on  the  specific  granity. 

The  same  relationship  has  been  shown  in  area  V. 

In  summary,  a  moderate  degree  of  cataclasis  in  the  Treasure  Loch  area  has 
affected  granite  F,  metasedimentary  rocks,  and  biotite  granite  gneiss,  and  sub¬ 
sequent  recrystallization  has  destroyed  many  of  the  cataclastic  features.  Mineral 
and  chemical  data  indicate  that  negligible  mechanical  mixing  of  the  different  ad¬ 
jacent  rocks  has  accompanied  cataclasis.  Progressive  basification  accompanies  in¬ 
creasing  degree  of  cataclasis  in  granite  F,  and  similar  changes  in  mineralogy  and 
chemistry  are  noted  in  area  V.  Moderate  cataclasis  and  thorough  recrystallization 
in  the  Treasure  Loch  area  contrasts  with  severe  cataclasis  and  moderate  recrystall¬ 
ization  in  the  Charles  Lake  area,  and  explains  the  coarser  grain  size  of  mylonite  P 
in  the  Treasure  Loch  area. 

Ashton  Lake  Study 
Area  XI 

A  wide  band  of  granite  gneiss  trending  northerly  along  the  east  side  of 
Ashton  Lake  is  cut  by  two  parallel,  northeasterly  faults.  Brecciation,  and  local 
mylonitization  in  the  region  of  the  faults  are  shallow-level  phenomena  which  are 
in  contrast  with  the  wide,  deep-seated  mylonite  zones  in  the  Charles  Lake  and 
Bayonet  Lake  areas.  The  contoured  aeromagnetic  map  (Map  1,  in  pocket)  shows 
a  distinct  break  in  the  northerly  trending  aeromagnetic  high  and  indicates  a 
"demagnetization"  effect  in  the  region  of  the  faults.  Magnetic  susceptibility 
measurements  on  fifteen  samples  show  a  general  trend  from  high  to  low  values  as  the 
fault  zone  is  approached  from  the  aeromagnetic  high  regions  to  the  north  and  south 
(Fig.  3).  Nine  of  these  samples,  located  along  a  northerly  line,  are  used  in  this 
study  to  demonstrate  the  petrologic  changes  that  take  place  within  a  band  of  gneissic 
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rocks  cut  by  faults. 

The  graphs  show  many  systematic  trends  that  are  apparently  related  to  changes 
in  average  matrix  grain  size.  Minerals  have  an  irregular  distribution  except  potash 
feldspar  which  is  enriched  in  the  four  northernmost  samples,  comprising  three  blasto- 
mylonites  and  a  single  quartz  monzonite  gneiss.  Samples  bounded  by  the  two  faults 
show  a  considerable  increase  in  SiC^/  and  a  corresponding  decrease  in  A^O^,  caf- 
emic  oxides,  and  Sr.  These  chemical  changes  are  due  to  concommitant  si licification 
and  leaching  of  mafic  minerals  in  the  fault  zone.  However,  the  irregular  quartz  pro¬ 
file  contrasts  with  the  SiC>2  profile,  and  the  SiC^  distribution  may  be  complicated  by 
an  event  that  pre-dates  the  observed  faults.  An  earlier,  deep-seated  cataclastic 
event  produced  abundant  mylonite  from  biotite  granite  gneiss  in  a  zone  approximated 
by  the  position  of  the  two  observed  faults  and  locally  outside  of  this  zone.  Silici- 
fication  and  leaching  of  the  mafic  minerals  are  effects  from  this  early  cataclastic 
event.  Thorough  recrystallization  of  the  mylonites  produced  fine-grained,  leuco- 
cratic  rocks  with  only  faint  cataclastic  nature  (blastomylonites),  accompanied  by 
metamorphic  differentiation  of  quartz  into  lenticles  and  porphyroblasts.  Post-crys¬ 
talline  shearing  stress  produced  faults  near  the  boundary  of  the  pre-existing  zone  of 
cataclastic  rocks,  and  local  mylonitization  and  brecciation  along  the  faults.  Post¬ 
crystalline  thermal  conditions  were  insufficient  to  cause  appreciable  recrystallization. 

The  specific  gravity  profile  shows  a  rapid  decrease  from  sample  Xl-f  to  Xl-c 
that  is  explained  by  the  pronounced  increase  in  potash  feldspar  (S.G.  =  2.54  to  2.57) 
and  decrease  in  biotite  (S.G.  =2.7  to  3.1)  in  a  south  to  north  direction  through  the 
fault  zone.  The  overall  specific  gravity  profile  shows  a  similarity  to  the  cafemic 
oxides  profile. 

The  magnetic  susceptibility  and  average  matrix  grain  size  profiles  are  similar, 
but  changes  in  susceptibility  cannot  be  adequately  explained  only  by  changes  in  grain 
size.  The  amounts  of  magnetite,  hematite,  and  pyrite  in  individual  samples  are  given, 
and  susceptibility  may  be  shown  to  be  directly  related  to  the  magnetite  content.  Sam- 
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pies  within  the  fault  zone  that  result  from  hematization  of  magnetite  by  fault  solutions 
give  very  low  susceptibility  values,  and  rocks  outside  the  fault  zone  have  high  suscep¬ 
tibility  values  which  decrease  with  increasing  alteration  of  magnetite  to  hematite  and 
rare  pyrite.  Apparently,  the  fault  solutions  were  most  readily  introduced  and  reaction 
with  magnetite  was  promoted  in  the  finer-grained  rocks. 

The  geologic  history  of  the  Ashton  Lake  area  includes  an  early  cataclastic 
event  and  a  later  period  of  fault  activity.  Early  cataclasis  produced  mylonites  in  a 
one-quarter  to  one-half  mile  zone,  with  extensive  leaching  of  mafic  minerals,  si  I  — 
icification,  and  local  potash  metasomatism  within  the  mylonite  zone.  Recrystallization 
of  the  mylonites  in  a  deep-seated  environment  produced  blastomylonites.  A  second 
deformation  under  shallow-seated  conditions  caused  brecciation  and  local  myloniti- 
zation  along  two  parallel  faults,  and  hydrothermal  solutions  caused  extensive  serici- 
tation  and  saussuritization  of  plcg  ioclase,  chloritization  of  biotite,  and  hematization 
of  magnetite,  chiefly  in  the  finer-grained  rocks. 

Collins  Lake  Study 
Area  XII 

A  composite  mylonite  band  comprising  mylonites  M  and  O  extends  northward 
from  Collins  Lake  and  continues  beyond  the  Northwest  Territories  boundary.  The  dis¬ 
tinction  between  mylonite  M  and  mylonite  O  is  complicated  by  the  dark  grey  to  black 
colour  of  both  rocks  and  the  lack  of  diagnostic  features  of  each  rock.  A  sequence  of 
18  samples  were  selected  for  detailed  study  in  an  attempt  to  investigate  the  genetic 
affinity  of  mylonite  M  to  the  adjacent  granite  gneiss,  and  to  define  differences  that 
serve  to  distinguish  mylonite  M  from  mylonite  O. 

Chloritic  biotite  granite  gneiss  grades  transitionally  into  mylonite  M  along 
the  west  and  east  sides  of  the  composite  mylonite  band.  The  majority  of  the  samples 
from  the  western  band  of  mylonite  M  have  a  dissimilar  chemical  and  mineral  compos- 
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it  ion  compared  to  biotite  granite  gneiss.  Mylonite  M  may  be  derived  chiefly  from 
hornblende  granite  gneiss  as  suggested  by  the  high  content  of  cafemic  chemical 
constituents,  particularly  CaO  (Table  36,  Appendix  A),  in  both  the  chloritized 
hornblende  granite  gneiss  sample  and  most  of  the  mylonite  M  samples.  In  contrast, 
along  the  margin  of  the  eastern  band  of  mylonite  M,  chlorite  granite  gneiss  re¬ 
presents  chloritized  biotite  granite  gneiss,  and  the  composition  of  chlorite  granite 
gneiss  and  the  adjacent  mylonite  M  compares  very  well.  Thus,  samples  from  the 
western  mylonite  M  band  are  likely  derived  from  chiefly  hornblende  granite  gneiss, 
whereas  samples  from  the  eastern  mylonite  M  band  are  likely  derived  from  biotite 
granite  gneiss.  High  Sr  content  in  the  western  mylonite  M  body,  and  low  Sr  in 
the  eastern  body  further  substantiates  the  belief  that  the  two  bands  are  derived 
from  different  parent  rocks. 

The  diagnostic  feature  that  distinguishes  mylonite  O  from  mylonite  M  is 
the  large  amount  of  white  mica  (15  to  40  per  cent)  seen  in  both  hand  specimens  and 
thin  sections  of  mylonite  O.  A  high  A^O^  content  relates  to  the  abundant  mica 
and  indicates  a  substantial  amount  of  argillaceous  material  in  the  original  sedimentary 
rock.  The  chemical  composition  of  mylonite  O  is  similar  to  Tyrrell's  average  grey- 
wacke  (from  Pettijohn,  1957,  p.  307)  and  resembles  the  chemical  composition  of  a 
siliceous  argillite  from  the  Precambrian  of  Michigan  (Pettijohn,  1957,  p.  345). 
Mineral  and  chemical  data  indicate  that  sample  Xll-o  is  significantly  dissimilar 
to  the  other  mylonite  O  samples,  and  thin  section  study  shows  that  uncommon  minor 
brecciation  with  vein  quartz  and  calcite  fillings  is  responsible  for  the  change  in 
composition.  Sample  Xll-j  is  also  brecciated,  but  the  powder  of  X-ray  fluorescence 
analysis  was  prepared  from  an  unfractured  phase  of  the  sample.  Tourmaline  in  samples 
Xll-m,  Xll-n,  and  Xll-o  occurs  as  euhedral  porphyroblasts  that  are  commonly  broken, 
the  segments  are  displaced  (Plate  1 1 ,  g)  and  rarely  sericitized  (Plate  11,  h). 

The  metamorphic  history  in  area  XII  is  complex,  but  three  distinct  deform¬ 
ation  episodes  can  be  distinguished,  (i)  The  earliest  cataclastic  event  took  place  at 
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Figure  18,  Petrologic  profiles  for  samples  from  area  XII, 
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the  synklnematic  stage  and  produced  a  wide,  composite  band  of  mylonites  M  and  O 
derived  from  granite  gneiss  and  impure  metasedimentary  rocks,  respectively.  Re¬ 
crystallization  of  the  mylonites  accompanied  waning  deformation,  (ii)  Renewed 
cataclasis  in  the  late-kinematic  stage  produced  cryptomylonite  and  kakirite  in  the 
western  band  of  mylonite  M,  and  cryptomylonite  in  mylonite  O.  Rare,  rounded 
mylonite  fragments  are  enclosed  within  another  mylonite  (Plate  1  1 ,  c)  and  prove  the 
existence  of  two  ages  of  cataclasis  in  parts  of  area  XII.  Recrystallization  after 
the  second  cataclastic  episode  was  relatively  minor,  (iii)  The  third  deformation 
caused  local  megascopic  brecciation  of  mylonite  O,  and  examination  of  polished 
rock  slabs  and  thin  sections  reveal  a  quartz  stockwork  with  drusy  quartz  and  calcite 
partially  filling  residual  cavities  (Plate  11 , e , f ) .  This  last  deformation  is  post- 
orogenic  in  age  and  took  place  under  shallow  conditions. 

Bayonet  Lake  Study 

Area  XIII 

An  elongate  lens  of  mylonite  O  about  one  mile  north  of  Bayonet  Lake  shows 
a  transitional  relationship  across  strike  to  impure  quartzite.  Six  samples  were  collected 
through  the  contact  zone  to  demonstrate  the  petrologic  changes  that  may  arise  from 
shearing.  A  seventh  sample  from  another  metasedimentary  lens  400  feet  farther  east 
is  included  for  comparison  of  composition  with  the  main  band  of  metasedimentary  rock. 

Average  matrix  grain  size  decreases  in  a  westerly  direction,  and  sample 
XIII  —a  is  too  fine-grained  (cryptomylonite)  for  estimation  of  the  plagioclase  and 
quartz  content. 

The  profiles  for  samples  XIII  —a  to  Xlll-f  show  considerable  variation  in  min¬ 
eral  content  but  relatively  slight  changes  in  chemistry.  These  samples  may  be  re¬ 
presentative  of  a  single  sedimentary  lithology  where  differences  in  mineral  content 
arise  from  varied  degrees  of  cataclasis  and  superimposed  neomineralization.  The  effect 
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of  increasing  degree  of  cataclasis  from  sample  XIII  — f  to  XIII  —a  is  seen  by  (i)  a  decrease 
in  quartz,  and  (ii)  the  increase  of  white  mica  at  the  expense  of  plagioclase  and  prob¬ 
ably  garnet.  Potash  feldspar  is  seen  as  only  megacrysts  that  were  probably  chiefly 
formed  by  neomineralization  during  the  waning  stages  of  deformation.  Quartz  forms 
irregular  blebs  and  layers  in  sample  Xlll-f  and  appears  to  be  intruded,  but  the  silica 
profile  shows  negligible  enrichment;  the  development  of  white  mica  from  plagioclase 
releases  silica  which  results  in  quartz, provided  that  potash  feldspar  does  not  crys¬ 
tallize,  as  shown  in  sample  Xlll-f.  Thus,  quartz  enrichment  without  appreciable 
increase  in  SiC^  is  explained. 

The  chemical  composition  of  mylonite  O  and  impure  quartzite  from  area 
XIII  are  similar  to  mylonite  O  from  area  XII,  and  resembles  an  analysis  of  siliceous 
argillite  from  the  Precambrian  or  Michigan  (Pettijohn,  1957,  p.  345). 

I 

Detailed  study  of  samples  from  area  XIII  show  that  different  proportions  of 
the  same  mineral  assemblage  may  arise  from  homogeneous  rocks  with  varying  degree 
of  cataclasis  and  neomineralization.  The  presence  of  relict  garnet  streaks  enclosed 
by  alteration  mats  of  white  mica  and  biotite  in  sample  Xlll-f  shows  that  the  meta- 
morphic  grade  of  the  metasedimentary  rocks  was  at  least  amphibolite  facies  and  cat¬ 
aclasis  has  caused  retrogressive  metamorphism  or  took  place  under  declining  meta- 
morphic  conditions. 

Area  XIV 

The  mylonite  zone  along  the  east  side  of  Bayonet  Lake  is  structurally  and 
lithologically  complex.  Major  bands  of  mylonites  K,  L,  and  M  are  enclosed  by 
hornblende  and  biotite  granite  gneisses,  and  the  whole  complex  is  disrupted  by  late 
transverse  and  longitudinal  faults.  The  six  samples  used  in  this  study  represent  a  cross 
section  through  the  mylonite  bands  and  hie  enclosing  granite  gneiss  (Fig.  6),  and  are 
examined  in  an  attempt  to  show  petrologic  changes  that  accompany  development  of 
mylonites  in  granite  gneiss.  These  samples  were  also  used  in  the  magnetic  susceptibility 
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study  discussed  in  chapter  three. 

Examination  of  hand  specimens  shows  sample  XlV-e  as  the  only  typical  my- 
lonite,  and  thin  section  study  verifies  this  observation.  Samples  XlV-a  and  XlV-b  are 
highly  recrystallized  protomy Ionites  which  are  slightly  sheared  by  a  subsequent  deform¬ 
ation.  Samples  XIV-c  and  XlV-d  are  former  mylonites  that  have  been  extensively  re¬ 
crystallized  to  produce  mylonite  gneiss  and  blastomy Ionite,  and  are  proximal  to 
observed  mylonite  bands.  Sample  XlV-f  is  a  quartz  monzonite  gneiss  that  shows 
incipient  granulation. 

The  mineral  and  chemical  profiles  show  several  distinct  features,  and  indicate 
considerable  chemical  adjustment.  The  virtual  absence  of  potash  feldspar  and  potash 
in  samples  XIV-c  and  XlV-d  is  extraordinary  for  acid  rocks,  and  is  interpreted  as  a 
leaching  effect  in  a  zone  of  intense  cataclasis  during  an  early  deformation  episode. 

A  corresponding  increase  of  plagioclase  in  the  same  samples  indicates  that  plagioclase 
replaced  potash  feldspar.  The  absence  of  white  mica  suggests  that  potash  migrated 
from  the  zone  of  intense  my lonitization  leaving  a  chemical  environment  unsuitable 
for  the  crystallization  of  white  mica. 

Samples  XlV-a  and  XlV-e  have  a  high  content  of  TiC^,  MgO,  CaO, 

and  MnO,  and  low  SiC^  compared  to  the  other  samples,  and  are  likely  derived  from 
hornblende  granite  gneiss.  The  proximity  of  sample  XlV-e  to  hornblende  granite  gneiss 
(see  map-sheet  5)  supports  the  hypothesis.  Sample  XlV-e  (standard  sample  79)  is  mapped 
as  mylonite  M  and  has  a  composition  similar  to  mylonite  M  from  area  XII.  The  prolific 
white  mica  content  in  sample  XlV-e  may  have  developed  during  a  second  cataclastic 
event  that  produced  local  mylonite  bands  from  existing  highly  recrystallized  mylonite. 
Intense  cataclasis  in  a  moderate  temperature  environment  and  in  the  presence  of  water 
probably  produced  white  mica  from  plagioclase  and  potash  feldspar.  Alternatively, 
the  prolific  development  of  white  mica  may  be  due  to  different  chemical  composition. 

The  absence  of  biotite  in  samples  XlV-a,  XlV-b,  XIV-c  is  likely  due  to 
chloritization  associated  with  post-crystalline  fault  activity  predominantly  in  the 
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western  part  of  the  study  area. 

Magnetic  susceptibility  measurements  apparently  reflect  the  cataclastic 
history  of  the  rocks,  with  lowest  values  from  samples  that  have  undergone  intense 
cataclasis,  regardless  of  the  degree  of  recrystallization. 

The  tectonic  history  of  area  XIV  includes  two  episodes  of  mylonite  dev¬ 
elopment,  and  a  third  deformation  episode  that  produced  faults  without  pronounced 
mylonite  development.  The  first  deformation  episode  was  intense  and  widespread 
with  the  formation  of  a  wide  mylonite  and  protomylonite  zone,  and  probably  occurred 
during  the  synkinematic  stage  of  orogenesis.  Waning  stress  and  high  but  declining 
temperatures  promoted  recrystallization  of  the  crushed  material.  A  second  episode 
of  cataclasis  during  the  late-kinematic  stage  developed  relatively  narrow  mylonite 
bands.  The  third  deformation  is  post-crystalline  in  age  and  is  responsible  for  the 
observed  fault  pattern  and  extensive  hydrothermal  alteration  in  the  western  part  of 
area  XIV. 


Area  XV 

Seven  samples  were  collected  along  a  westerly  traverse  in  an  attempt  to 
show  the  petrologic  changes  that  accompany  cataclasis  of  hornblende  granite  gneiss 
that  results  in  the  production  of  mylonite  M.  In  addition,  the  relationship  of  my¬ 
lonite  M  to  mylonite  L  is  examined.  Area  XV  may  be  regarded  as  a  detailed  study 
of  the  eastern  segment  of  area  XIV  as  the  traverse  lines  are  nearly  col  inear. 

Thin  sections  show  that  samples  XV-a,  XV-b,  and  XV-e  are  highly  re¬ 
crystallized  mylonites,  whereas  samples  XV-c  and  XV-d  are  less  recrystallized 
mylonites,  and  the  profile  showing  average  matrix  grain  size  forms  a  smooth,  steep 
valley. 

Samples  XV -f  and  XV-g  are  typical  hornblende  granite  gneisses  with  a  low 
silica,  and  a  high  iron,  manganese,  magnesia,  and  lime  content.  The  mineralogy  is 
similar  in  the  two  samples,  with  abundant  plagioclase,  biotite,  and  hornblende,  and 
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high  plagioclase  to  potash  feldspar  ratio.  Sample  XV-g  has  at  least  one  per  cent 
relict  diopside  grains  enclosed  within  uralite  and  pale  green  hornblende.  Where 
hornblende  and  diopside  are  intimately  intergrown,  it  is  commonly  impossible  to 
distinguish  one  from  the  other.  The  mineral  association  indicates  upper  amphibolite 
or  hornblende  granulite  facies  of  metamorphism,  with  diaphthoresis  of  the  granite 
gneisses  proximal  to  mylonite  zones. 

The  change  to  mylonite  M  from  hornblende  granite  gneiss  takes  place 
through  a  migmatite  zone  about  300  feet  wide.  Samples  XV-d,  and  XV-e  have 
uniform  chemical  composition,  and  are  similar  to  mylonite  M  from  areas  XII  and 
XIV.  The  apparent  transition  from  hornblende  granite  gneiss  to  mylonite  M  in 
area  XV  entails  an  appreciable  increase  in  SiC^/  and  a  corresponding  loss  in 
cafemic  oxides  which  correspond  to  an  increase  in  quartz  and  decrease  in  mafic 
minerals,  respectively,  as  shown  by  the  profiles.  Sr  follows  Ca  geochemical ly,  and 
both  show  a  sharp  decrease  in  mylonite  M  samples  which  suggests  that  Ca  was  likely 
released  during  albitization  of  intermediate  plagioclase  and  removed  in  fault  solutions. 

Sample  XV-a  is  similar  to  many  mylonite  L  samples  with  a  low  MgO  and 
CaO  content,  although  SiC^  is  also  appreciably  lower  than  average.  The  chemical 
composition  of  the  mixed  mylonite  is  similar  to  mylonite  L  except  for  anomalously 
high  which  may  be  due  to  diffusion  from  adjacent  rocks  or  inherited  from  the 

parent  rock.  Sr  is  disproportionately  enriched  in  samples  XV-a  and  XV-b  compared 
to  CaO  increase,  and  may  be  due  to  preferential  migration  of  Sr  from  adjacent  rocks. 

The  tectonic  history  of  area  XV  is  analogous  to  area  XIV.  Severe  synkin- 
ematic  cataclasis  produced  a  wide  zone  of  mylonites  which  was  thoroughly  recrys¬ 
tallized  under  conditions  of  relaxed  shearing  stress  and  high  temperature.  Reactivated 
shearing  within  the  existing  mylonite  zone  during  the  late-kinematic  phase  produced 
secondary  mylonites  in  an  environment  that  allowed  plastic  flowage  of  the  matrix  into 
spaces  between  fragmented  porphyroclasts.  Slight  recrystallization  of  the  secondary 
mylonites  succeeded  cataclasis  and  caused  differentiation  of  quartz  into  granoblastic 
lenticles. 
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CHAPTER  FIVE 

STRUCTURE 

Faults 

Extreme  cataclastic  effects  are  exceptionally  well  developed  in  northeastern 
Alberta,  and  are  attributed  to  two  periods  of  faulting: 

(i)  paracrystal line  or  early  faults,  and 

(ii)  post-crystalline  or  late  faults. 

Paracrystalline  Faults 

The  root  region  of  mountain  belts  is  characterized  by  an  intimate  interaction 
of  recrystallization  and  deformation  during  the  synorogenic  phase  of  mountain  building. 
The  Precambrian  Shield  is  regarded  as  the  denuded  remains  of  extensive  orogenic  belts, 
and  the  observation  of  deformational  features  in  the  field,  hand  specimen,  and  thin 
section,  may  be  used  to  reconstruct  the  tectonic  history  of  such  areas. 

In  northeastern  Alberta,  the  chief  deep-seated  deformational  effect  has 
been  the  development  of  wide  mylonite  zones  which  are  referred  to  as  paracrystalline 
faults. 

Three  northerly  trending  paracrystalline  fault  zones  are  found  in  the  study 
area  and  are  designated  as  (i)  the  Charles  Lake  zone,  (ii)  the  Treasure  Loch  zone,  and 

(iii)  the  Bayonet  Lake  zone.  These  early  fault  zones  are  recognized  by  the  develop¬ 
ment  of  wide  bands  of  cataclastic  rocks  composed  of  aphanitic  to  fine-grained  rocks 
that  are  generally  resistent  to  weathering  and  hence  stand  out  as  ridges.  These  fault 
zones  parallel  the  major  lithologic  and  foliation  trends. 

Granite  gneiss  is  the  prevalent  rock-type  in  map-areas  5  and  9  and  which 
also  contain  an  abundance  of  mylonites  K  and  L,  whereas  the  presence  of  major,  con- 


Ition  ni  >>qo!®vab  Haw  yllDfiottqeox©  aio  ztoaWa  oHao  solos  amailxi 

jgnillooi  o  «bc.  t©Q  owt  <vt  bel  d:  o  ©io  bno  ^otiddlA 

o  ic  an*, I fDtt\ is- tzop  '•») 


--  v  c  ,<i  »  c  Vi  f 


.  ,  Ibliud  motnuomto  sioda  Difiaooionxi  ©Hi  gnnub  noitormoleb  bno  noitoxfllDlixidsi  o 


:  yioizid  oinotool  Ht  touitanoasi  ot  b©eu  »d  \Dm  ^noitoez 


i  .b  ©  yd  bssirgooei  910  Zand  llu  1  (bo  .  onox  9>!dJ  +  .>nc(o6  ©fit  (iii) 

>bcr  fcanic  t.  ©nrt  ot  aitinc^ao  Jo  bazoqmoa  ziooi  oiteohotoa  'o  ibnod  sbiw  Jo  r»©m 


.?  )pbh  ?o  tuo  bnoi*  3309H  bno  oniiantoaw  ot  tnaltizai  ylloierag  910  torll 

<:  •  1  ©Ht  ’  ;  ua  >fi 


161 


tinuous  bands  of  relatively  easily  deformed  granite  F  in  map-areas  5,  10,  and  11 
has  accommodated  much  of  the  deformation  in  the  Charles  Lake  and  Treasure  Loch 
fault  zones  with  common  development  of  mylonite  P. 

Strike-slip  separation  cannot  be  deciphered  from  these  early  mylonite 
zones  due  to  the  paucity  of  suitable  markers  along  the  longitudinal  faults;  however, 
the  steeply  dipping,  straight,  continuous  cataclastic  rock  zones  are  indicative  of 
transcurrent  faulting.  Further,  the  highly  recrystallized  nature  of  the  mylonites, 
plastic  folding  within  the  mylonite  bands,  and  biotite  neomineralization  shows 
that  cataclasis  took  place  at  considerable  depth  and  high  temperature.  Suggested 
oscillatory  lateral  movement  along  the  paracrystalline  fault  zones  is  based  upon: 

(i)  field  data;  on-strike  changes  in  uncrushed  rock-types  proximal  to 
the  fault  zones  are  accompanied  by  the  development  of  the  corres¬ 
ponding  cataclastic  rock-types,  and  the  juxtaposition  of  dissimilar 
my  Ionite-types  is  accompanied  by  very  little  mechanical  mixing; 

(ii)  petrographic  data;  thin  sections  commonly  show  fractured  porphy- 
roclasts  with  only  slight  displacement  of  the  segments  and  flowage 
of  the  matrix  into  the  interstices; 

(iii)  petrologic  data;  cataclastic  rocks  can  be  traced  gradational ly  a- 
cross  strike  into  the  corresponding  parent  rock  even  in  wide  my¬ 
lonite  bands,  whereas  this  would  be  impossible  if  considerable 
movement  brought  dissimilar  rocks  in  juxtaposition; 

(iv)  aeromagnetic  data;  the  Charles  Lake  crush  zone  beyond  the  south¬ 
ern  margin  of  the  study  area  apparently  does  not  displace  a  major 
aeromagnetic-high  ridge  that  trends  obliquely  through  the  crush 
zone. 

Field  and  petrographic  observations  indicate  that  rocks  of  the  three  cataclastic  rock 
bands  are  the  result  of  a  major  synkinematic  phase  of  faulting  followed  by  moderate 
to  intense  recrystallization  and  a  less  severe  late-kinematic  phase  with  slight  re- 
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crystallization.  Post-crystalline  cataclasis  has  produced  negligible  quantity  of 
cataclastic  rock. 

Post-crystalline  Faults 

Numerous  longitudinal  and  transverse,  post-crystalline  faults  are  observed 
in  the  study  area.  Longitudinal  faults  trend  from  north  0  to  20  degrees  east,  where¬ 
as  most  transverse  faults  are  related  to  either  the  north  30  to  45  degrees  west  dir¬ 
ection,  or  the  north  30  to  45  degrees  east  direction.  Criteria  for  the  recognition 
of  late  faults  are  based  upon  (i)  field  observations,  (ii)  air  photo  interpretation, 

(iii)  aeromagnetic  map  interpretation,  and  (iv)  thin  section  and  polished  rock  slab 
examination . 

In  many  cases  late  faults  are  detected  by  field  observations  such  as  a 
narrow,  straight  valley,  with  breccia  developed  in  rocks  within  the  valley  and  a- 
long  the  valley  walls,  commonly  accompanied  by  an  alteration  zone  containing 
abundant  chlorite  and  red  feldspar.  Fault-line  scarps  with  minor  relief  are  also 
commonly  observed.  Mylonitic  rock  may  be  present  as  narrow  bands  several  inches 
to  tens  of  feet  wide.  The  Bonny  Fault  trending  northwesterly  past  the  northern  tip 
of  Bayonet  Lake  shows  most  of  the  above-mentioned  features.  However,  the  trace 
of  late  faults  is  generally  the  locus  of  differential  weathering,  and  the  rocks  are 
commonly  obscured  by  muskeg,  sand,  or  both,  and  supplementary  criteria  are  re¬ 
quired  to  determine  whether  the  valley  is  due  to  (i)  faulting,  (ii)  jointing,  (iii) 
differential  erosion  along  the  contact  of  dissimilar  rocks,  (iv)  preferential  erosion 
of  a  narrow  metasedimentary  rock  band,  or  (v)  glacial  erosion. 

Map  compilation  provides  an  effective  means  of  recognizing  faults  where 
major  rock  bands  are  truncated  or  displaced.  In  such  ^ases,  aerial  photographs  show 
a  linear,  coincident  with  the  fault. 

Major  late  faults  that  transect  hornblende  granite  gneiss  (high  aeromagnetic 
relief)  may  be  expressed  by  an  aeromagnetic  trough  ("demagnetization"  of  granite 
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gneiss)  coincident  with  the  fault  trace.  The  prime  example  is  the  Bonny  fault  loc¬ 
ated  predominantly  in  map-area  1  with  an  extension  into  the  northeast  quadrant  of 
map-area  5,  discussed  by  Godfrey  (Godfrey  and  Baadsgaard,  1962).  A  second  sam¬ 
ple  is  seen  northeast  of  Ashton  Lake  (Map  1)  where  a  northeasterly  fault  transects 
granite  gneiss.  However,  aeromagnetic*  data  only  corroborate  the  field  evidence, 
and  should  not  be  used  as  a  single  criterion  to  indicate  faulting. 

Thin  sections  supplemented  by  polished  rock  slabs  provide  definite  evi¬ 
dence  for  late  faulting,  with  the  development  of  breccia,  micro-shears,  quartz, 
calcite,  and  epidote  fracture  fillings,  and  chloritization  of  mafic  minerals.  These 
features  are  particularly  evident  in  reactivated  shears  within  an  existing  mylonite 
zone;  thus,  post-crystalline  faulting  is  shown  to  have  been  operative  along  the 
axis  of  the  Charles  Lake  and  Bayonet  Lake  mylonite  zones.  Allanite,  and  mag- 
netite-sphene  euhedra  are  commonly  present  in  the  rocks  proximal  to  late  faults. 

The  precise  nature  of  the  movement  along  the  fault  planes  could  not  be 
determined  owing  to  the  low  relief  of  the  glaciated  outcrops.  However,  horizontal 
separation  can  be  measured  where  the  faults  cut  the  steep  foliation  at  a  high  angle, 
and  two  examples  of  sinistral  strike  separation  are  seen:  (i)  in  the  northwest  quad¬ 
rant  of  map-sheet  9  with  about  1,000  feet  separation,  and  (ii)  east  of  Bayonet 
Lake,  map-sheet  5  with  at  least  3,000  feet  separation  along  the  Bonny  fault. 

Joints 

Joints  were  observed  in  all  major  rock  types  but  were  not  systematically 
measured  due  to  their  sparse  development.  However,  one  of  the  distinctive  features 
of  hornblende  cataclasite  in  the  Charles  Lake,  North  map-area  is  the  development 
of  a  northerly  trending  and  steeply  westerly  to  vertical  dipping  joint  system,  par¬ 
allel  to  the  foliation  of  the  enclosing  mylonite  L.  The  joints  are  spaced  about  three 
inches  apart  and  give  rise  to  tabular  fracture  blocks  forming  talus  slopes  along  the 
east  side  of  the  two  northernmost  peninsulas  in  Charles  Lake.  This  type  of  sheeting 
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has  developed  within  hornblende  cataclasite  only  and  may  be  due  to  elastic  expan¬ 
sion  as  the  cover  rocks  are  removed  by  erosion.  The  absence  of  similar  joint  pattern 
in  the  adjacent  rocks  may  be  due  to  relatively  less  elastic  strain  energy.  Horn¬ 
blende  cataclasite  in  map-area  11  shows  similar,  incipient  development  of  jointing. 

Foliation  and  Lineation 

Foliation  is  well  developed  in  most  rock-types  from  the  study  area  and  is 
expressed  in  the  alignment  of  mica  flakes,  quartz  lenticles,  and  feldspar  mega- 
crysts,  singly  or  in  combination.  Layering  (gneissosity)  may  be  regarded  as  the 
extreme  development  of  foliation  as  exemplified  by  biotite  and  hornblende  granite 
gneisses.  The  foliation  is  virtually  always  steeply  dipping  with  values  within  20 
degrees  of  vertical,  and  it  has  a  northerly  regional  trend.  Massive  structure  is 
typical  of  hornblende  cataclasite,  grey  hornblende  granite,  leucocratic  granite,  and 

t 

phases  of  both  biotite  "q"  granite  and  granite  F.  The  typical  lamination  of  mylonites 
results  from  granulation  and  streaking  and  is  regarded  as  one  type  of  foliation.  The 
foliation  trends  of  the  major  cataclastic  bands  are  conformable  with  those  of  the 
enclosing  rocks,  and  therefore  likely  resulted  from  the  same  stress  system. 

Lineation  observations  in  the  study  area  are  lacking  due  to:  (i)  the  planar, 
polished  surfaces  of  glaciated  outcrops,  (ii)  the  steeply  dipping  foliation  which 
makes  the  distinction  between  lineation  from  foliation  difficult,  and  (iii)  the  paucity 
of  prismatic  minerals.  Feldspar  megacrysts  in  granite  F  and  Arch  Lake  granite  appear 
to  be  lineated  in  outcrop,  but  splitting  of  the  rock  along  the  foliation  showed  that 
the  feldspar  megacrysts  tend  to  be  tabular  and  irregularly  aligned  in  the  plane  of 
foliation.  The  plunge  of  minor  folds  is  difficult  to  measure  due  to  isoclinal  folding, 
although  a  steep  plunge  is  indicated  by  the  absence  of  shallow  dips  around  the  nose 

of  such  folds. 
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Folds 

Major  folds  are  not  observed  in  the  study  area,  although  numerous  minor 
folds  larger  than  outcrop  scale  are  shown  on  the  map-sheets,  and  progressively 
smal ler-scale  folding  is  seen  in  outcrop,  hand  specimen,  and  thin  section. 

Minor  folds  in  all  major  rock-types  are  recognized  from  field  readings  on 
adjacent  easterly  traverse  lines  on  a  1/4  mile  spacing,  and  show  development  of 
rheomorphic  (Hills,  1963,  pp.  245-246)  and  saddle-shaped  folds.  These  features 
are  particularly  evident  in  biotite  and  hornblende  granite  gneisses. 

Two  granite  gneiss  areas  exhibit  folding  which  contrasts  with  the  predom¬ 
inantly  northerly  structural  trend  throughout  the  study  area;  (i)  a  large,  bulbous 
area  of  hornblende  granite  gneiss  in  the  northeast  quadrant  of  map-area  9  is  in¬ 
tricately  folded  and  shows  a  swirled  foliation.  This  area  is  enclosed  within  the 
bifurcation  of  the  Charles  Lake  cataclastic  band  and  represents  a  wedge  that  was 
likely  deformed  between  the  two  zones  of  mylonitization.  (ii)  Biotite  granite  gneiss 
and  quartzite  east  and  southeast  of  Bayonet  Lake  (map-area  5)  show  rheomorphic 
folding  that  may  be  related  to  the  stresses  which  caused  mylonitization  of  the  Bay¬ 
onet  Lake  fault  zone. 

The  mylonite  bands  show  predominantly  straight  foliation  and  lithologic 
trends,  although  plastic  flowage  effects  are  seen  on  all  scales  of  observation.  My¬ 
lonite  P  bands  are  commonly  folded  in  the  Treasure  Loch  (map-area  5,  east  and 
north  of  the  lake),  and  Charles  Lake  (map-area  10,  center  band  at  the  bottom  of 
the  map-sheet)  areas.  The  folded  nature  of  these  bands,  and  the  commonly  ungran¬ 
ulated  nature  of  the  enclosing  rocks  indicates  that  mylonite  P  is  partly  intrusive, 
with  intrusion  taking  place  during  plastic  deformation  of  the  host  rocks.  Plastic 
flowage  after  the  main  phase  of  mylonitization  is  shown  by  the  minor  folds,  comm¬ 
only  seen  in  mylonite  P  and  more  rarely  in  mylonite  K,  corroborated  by  small-scale 
folds  in  both  hand  specimen  and  thin  section. 
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CHAPTER  SIX 

DISCUSSION  AND  SUMMARY 
Faulting 

Deep-seated  movement  zones  have  produced  three  main  cataclastic  rock 
bands.  Field/hand  specimen,  and  thin  section  observations  indicate  two  periods 
of  paracrystal  I  ine,  longitudinal  faulting  associated  with  cataclastic  bands  up  to 
one  mile  wide  in  a  single  orogenic  event.  The  early,  synkinematic  pulse  was 
responsible  for  the  main  development  of  the  mylonite  bands.  Prevailing  high  temp¬ 
eratures  subsequently  promoted  recrystallization  of  the  crushed  rocks  with  most  ex¬ 
tensive  recrystallization  in  the  Bayonet  Lake  bands.  The  late-kinematic  phase  of 
cataclasis  produced  a  new  generation  of  cataclastic  rocks  within  the  existing  cat¬ 
aclastic  bands  with  only  slight  recrystallization  under  conditions  of  decreased  temp¬ 
erature.  Lateral  movement  along  these  paracrystal  I  ine  faults  was  likely  oscillatory. 

Post-crystalline,  steeply  dipping  faults  are  both  longitudinal  and  trans¬ 
verse,  and  horizontal  separation  is  observed  along  a  few  of  the  transverse  faults. 
Microscopic  breccia,  kakirite,  and  some  cryptomylonite  may  represent  an  early 
phase  of  post-crystalline  faulting,  whereas  megascopic  breccia  with  partial  to  com¬ 
plete  infilling  of  interstices  by  quartz  and  calcite  may  represent  a  late  phase  of  post¬ 
crystalline  faulting  at  a  shallow  level  in  the  crust. 

Tension  fractures  may  be  related  to  relief  of  the  stresses  that  produced 
post-crystalline  faults,  or  they  may  have  formed  in  response  to  the  release  of  load 
pressure  by  denudation  of  the  cover  rocks. 

The  paracrystal  line  faults  are  major  in  magnitude  and  probably  represent 
zones  of  crystal  weakness  where  renewed  movement  has  recurred  throughout  the 
tectonic  history  of  the  study  area.  It  is  likely  that  earlier  episodes  of  myloniti- 
zation  have  acted  along  these  crush  zones  but  the  cataclastic  textures  are  oblit- 
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erated  by  thorough  recrystallization  during  subsequent  plutonic  metamorphism. 

Magnetic  Susceptibility 

The  I  ow  relief  of  the  major  cataclastic  bands  on  the  aeromagnetic  map  is 
shown  to  be  due  to  both  (i)  a  parent  rock  (area  V)  of  initially  low  magnetic  suscep¬ 
tibility,  and  (ii)  "demagnetization"  accompanying  my lonitization  of  initially  high 
magnetic  susceptibility  rocks  (area  XIV). 

The  results  of  magnetic  susceptibility  and  petrographic  studies  of  sample 
suites  from  cataclastic  areas  of  low  aeromagnetic  relief  show  that  high  suscepti¬ 
bility  values  correlated  with  a  high  magnetite  content,  and  "demagnetization"  of 
rocks  corresponds  to  the  hematization  of  magnetite.  Hydrothermal  solutions  in  the 
fault  zones  caused  extensive  hematization  of  magnetite,  chloritization  of  the  mafic 
minerals,  and  sericitization  of  feldspar.  The  most  pronounced  alteration  has  occ¬ 
urred  in  the  finest  grain-size  fraction  by  virtue  of  the  larger  surface  area  available 
for  reaction,  and  the  high  strain  energy  of  the  extensively  comminuted  grains. 

Specific  Gravity 

Specific  gravity  profiles  of  samples  from  selected  traverses  across  parental 
and  cataclastically-derived  rocks  (areas  III,  V,  VIII,  X,  and  XI)  generally  show 
good  correlation  with  corresponding  cafemic  oxides  profiles.  The  effect  of  var¬ 
iations  in  Si02,  A^Og,  K2^'  and  de9ree  crus^ing  (average  matrix  grain 
size)  on  specific  gravity  changes  cannot  be  accurately  assessed  in  the  scope  of 
this  study,  although  their  effects  are  considered  to  be  secondary. 

Mineralogical  and  Chemical  Changes  with  Cataclasis 


Likely  and  established  mineralogical  and  chemical  changes  that  accompany 
cataclasis  are  indicated  in  Table  24,  and  some  general  observations  are  listed  below. 
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A.  Mineralogical  Changes 

(i)  White  mica  develops  during  shearing  and  sericltization  of  chiefly  potash  feldspar 
and  plagioclase. 

(ii)  During  the  early  phase  of  paracrystal I ine  deformation  biotite  was  the  stable  ferro 
magnesian  mineral  and  hornblende  was  largely  altered  to  biotite. 

(iii)  During  the  late  phase  of  paracrystal  I  ine  deformation  chlorite  was  the  stable 
ferromagnesian  mineral  and  biotite  was  largely  altered  to  chlorite. 

(iv)  During  post-crystalline  faulting  quartz,  epidote,  chlorite,  anc  calcite,  singly 
or  in  combination,  were  introduced  into  the  cataclastic  rock  zones  as  interstitial  ce¬ 
ment  in  breccia,  and  fracture  fillings. 

B.  Chemical  Changes 

(i)  The  comparison  of  chemical  analyses  of  parent  and  derived  rocks  shows  an  app¬ 
reciable  increase  of  loss  on  ignition  in  the  sheared  rocks  that  indicates  an  increase  in 
chemically  combined  water.  Abundant  sericite  and  chlorite  in  the  sheared  rocks  re¬ 
flects  the  pronounced  hydrothermal  activity  that  accompanies  cataclasis. 

(ii)  Potash  tends  to  be  mobilized  during  cataclasis  and  commonly  shows  an  irregular 
distribution  in  the  cataclastic  rocks.  Nevertheless,  the  systematic  enrichment  of 
K2O  in  mylonite  L  as  compared  to  mylonite  K  serves  to  distinguish  these  rocks. 

(iii)  Si02  may  be  locally  either  enriched,  or  depleted  during  paracrystal  I  ine  cata¬ 
clasis.  Such  changes  are  likely  due  to  a  contrast  in  SiC>2  content  between  the 
parent  and  adjacent  rock-type,  with  ionic  diffusion  of  silica  taking  place  during 
shearing  in  an  attempt  to  establish  chemical  equilibrium. 

Post-crystalline  cataclasis  commonly  entails  introduction  of  considerable 
Si02  in  the  form  of  free  quartz  as  breccia  infilling. 

(iv)  Boron  metasomatism  during  the  late  phase  of  paracrystal  I  ine  cataclasis  is  likely 
responsible  for  the  abundant  tourmaline  in  metasedimentary  mylonite  O  of  area  XII. 
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Metamorphism 
Grade  of  Metamorphism 

The  granite  gneisses  in  the  thesis  area  typically  contain  hornblende  and 
biotite,  with  minor  amounts  of  diopside  and  cordierite  indicating  a  metamorphic  grade 
ranging  from  upper  amphibolite  to  granulite  facies.  Metasedimentary  rocks,  which 
are  more  sensitive  indicators  of  metamorphic  grade,  are  intimately  associated  with 
the  granite  gneisses  within  and  just  east  of  the  thesis  area  (Godfrey  and  Watanabe, 
in  press).  They  commonly  show  the  mineral  assemblage  muscovite-garnet-cordierite- 
sillimanite  that  is  transitional  between  the  sil limanite-almandine  subfacies  of  the  al- 
mandine  amphibolite  facies  and  the  hornblende  granulite  facies  (Fyfe,  Turner,  and 
Verhoogen,  1958,  p.  211). 

Mineral  transformations  with  decreasing  metamorphism  tend  to  be  infinite¬ 
simally  slow,  such  that  high-grade  mineral  assemblages  persist  in  a  metastable  state 
after  the  termination  of  metamorphism.  However,  shearing  and  hydrothermal  solutions 
promote  crystallization  of  new  minerals  that  are  stable  under  the  existing  pressure- 
temperature  conditions  (Turner  and  Verhoogen,  1960,  p.  481  and  484). 

Textural  and  mineralogical  data  show  two  phases  of  paracrystalline  cata- 
clasis.  The  cataclastic  rocks  produced  during  the  early  phase  of  paracrystalline 
cataclasis  typically  have  abundant  biotite  which  indicates  that  deformation  and  neo¬ 
mineralization  took  place  under  upper  to  middle  greenschist  facies  conditions,  where¬ 
as  the  prevalence  of  chlorite  and  epidote  in  the  rocks  affected  by  the  late  phase  of 
paracrystalline  cataclasis  indicates  that  deformation  and  neomineralization  took  place 
under  lower  greenschist  facies  conditions.  Post-crystalline  cataclasis  took  place  under 

essentially  non-metamorphic  (very  shallow)  conditions  as  evidenced  by  the  lack  of 

» 

neomineralization  and  recrystallization  in  the  affected  rocks. 
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Large-size  Feldspar  Me gacrysts 

Large-size  microcline  megacrysts  have  been  described  from  mylonite  P  and 
the  granite  F  parent  rock  (Chapter  Two).  Augen-shaped  to  euhedral  megacrysts  in 
the  former  are  up  to  4  inches,  and  subhedral  to  euhedral  porphyroblasts  in  the  latter 
are  up  to  6  inches.  Mylonite  P  and  granite  F  form  composite  elongate  bands  that  are 
almost  invariably  sheathed  with  metasedimentary  rocks  and  contain  numerous  meta¬ 
sedimentary  rock  inclusions,  a  situation  which  is  compatible  with  the  hypothesis  of 
a  metasomatic  origin  for  granite  F.  The  garnet-biotite-microcl ine-plagioclase  min¬ 
eral  association  and  the  general  lack  of  muscovite  indicates  that  granitization  took 
place  under  conditions  represented  by  the  middle  to  upper  almandine  amphibolite 
facies.  Granite  F  crystallization  was  essentially  complete  before  cataclasis  was 
initiated,  as  evidenced  by  the  textural  gradation  with  mylonite  P,  and  granite  F  rock 
fragments  in  mylonite  P.  The  large-size  microcline  megacrysts  in  mylonite  P,  how¬ 
ever,  have  a  complex  growth  history. 

The  critical  features  of  the  microcline  megacrysts  that  serve  to  unravel  the 
history  of  mylonite  P  are:  (i)  megacryst  shape  -  augen  to  euhedra,  with  all  inter¬ 
mediate  gradations,  and  (ii)  nature  of  inclusions  -  sigmoidal  and  zonal  arrangement 
of  biotite  inclusions,  and  zonal  arrangement  of  plagioclase  inclusions. 

The  large-size  porphyroblasts  in  granite  F  likely  grew  under  static  condi¬ 
tions  thereby  promoting  maximum  development  or  the  plagioclase  and  microcline 
porphyroblasts  with  relatively  few  inclusions.  Under  conditions  of  declining  temp¬ 
erature,  the  early  phase  of  paracrystal I ine  cataclasis  caused  severe  crushing  of  the 
matrix  minerals  and  peripheral  granulation  and  streaking  of  the  feldspar  megacrysts 
giving  rise  to  numerous  feldspar  augen.  Decrease  of  differential  stress  and  avail¬ 
ability  of  K^O  in  mylonite  P  (chemical  analyses  show  that  I^O  is  consistently  app¬ 
reciably  higher  in  mylonite  P  than  in  granite  F)  promoted  renewed  growth  of  micro¬ 
cline,  commonly  as  a  shell  around  the  microcline  megacrysts  core.  Biotite  and 
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plagioclase  may  or  may  not  be  enclosed  at  the  interface  of  new  growth  and  pre-exist;ng 
microcline.  Locally,  slight  differential  stress  caused  rotation  of  the  microcline  mega- 
crysts  which  responded  by  bodily  rotation  and  development  of  rare  "snowball"  structure. 

Thus,  an  essentially  static  growth  environment  with  slight  pulses  of  differen¬ 
tial  stress  and  plastic  -flowage  accommodates  the  presence  of  subhedral  microcline  meg- 
acrysts  with  streaks  of  microcline  fragments  extending  from  the  ends  of  the  crystals, 
and  the  common  euhedral  microcline.  These  features  show  that  crystallization  out¬ 
lasted  deformation. 

The  late  phase  of  paracrystalline  cataclasis  in  mylonite  P  caused  local  stretch¬ 
ing  and  granulation  of  feldspar,  and  extensive  chloritization  of  biotite.  No  evidence 
of  renewed  microcline  growth  is  observed. 

Massive  Texture  of  Hornblende  Cataclasite 

Hornblende  cataclasite  is  typically  very  fine  grained  (0.03  to  0.09  mm), 
massive,  inequigranular,  and  crystal loblastic,  and  can  be  recognized  as  a  cataclastic 
rock  only  with  considerable  difficulty.  Mylonites  derived  from  a  single  parent  rock 
generally  can  be  arranged  in  a  sequence  of  increasing  cataclasis  or  decreasing  grain 
size,  whereas  the  cataclasites  form  a  sequence  of  increasing  grain  size  due  to  re¬ 
crystallization  . 

In  the  Charles  Lake  area,  the  intimate  association  of  cataclasite  with  my¬ 
lonite  L  of  the  same  metamorphic  grade  (middle  to  upper  greenschist  facies)  shows  that 
the  genesis  of  cataclasite  is  coeval  with  the  main  phase  of  my lonitization,  and  the 
cataclasite  texture  is  likely  due  to  physical  and  chemical  properties  peculiar  to  its 
parent  rock.  That  is,  biotite  and  hornblende  granite  gneiss  parent  rocks  have  respond¬ 
ed  to  cataclasis  differently  under  essentially  the  same  temperature  and  load  pressure 
conditions  during  the  early  phase  of  paracrystalline  cataclasis;  mylonite  L  is  the  pro¬ 
duct  of  intense  comminution  contemporaneous  with  flowage  in  the  rock,  whereas  horn¬ 
blende  cataclasite  is  the  product  of  intense  comminution  without  flowage. 
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Attempts  to  explain  the  unlaminated  texture  of  cataclasite  have  been  made 
in  other  studies:  Sutton  and  Watson  (1959,  p.  11)  suggest  a  mechanism  involving 
post-crystalline  cataclasis  in  a  deep-seated  environment;  Christie  (1960,  p.  87)  re¬ 
lates  the  formation  of  cataclasite  (secondary  mylonitic  rock)  to  post-crystalline  cata¬ 
clasis  of  competent  quartzo-feldspathic  rocks  and  mylonites  representative  of  an  earlier 
generation  of  cataclasis  (primary  mylonitic  rocks);  and  Reed  (1964,  p.  682)  relates 
the  formation  of  the  cataclasite  group  and  the  my  Ionite  group  to  paracrystal  I  ine  de¬ 
formation  during  two  orogenies,  with  the  mylonite  group  formed  during  the  earlier 
orogeny.  Thus,  cataclasite  may  develop  in  different  environments. 

Hornblende  cataclasite  grades  to  grey  hornblende  granite  by  increase  of 
grain  size.  The  thermal  energy  required  to  promote  this  anomalously  thorough  re¬ 
crystallization  needs  explanation.  Where  cataclasis  and  plastic  flow  (recrystalli¬ 
zation)  were  largely  contemporaneous,  as  in  mylonite  L,  the  strain  energy  of  the 
comminuted  grains  was  largely  dissipated,  whereas  cataclasis  without  plastic  flow  in 
cataclasite  permitted  strain  energy  to  accumulate.  Under  hydrostatic  metamorphic 
conditions  prior  to  the  second  phase  of  paracrystal  I  ine  cataclasis,  cataclasite  under¬ 
went  thorough  recrystallization  with  local  development  of  grey  hornblende  granite. 

Lithologic  Correlation 

During  detailed  field  mapping,  it  was  possible  to  distinguish  several  cata- 
clastic  rock-types.  Subsequent  detailed  mineralogical  and  chemical  studies  show 
that  the  field  classification  of  the  cataclastic  rocks  is  valid,  and  the  distinctiveness 
of  a  single  rock-type  is  maintained  over  a  large  area. 

Petrologic  relationships  of  cataclastic  rocks  to  their  parent  rocks  are  shown 
to  be  relatively  consistent  in  different  parts  of  the  map-area,  and  a  similar  observa¬ 
tion  has  been  stated  or  implied  in  other  studies,  (e.g.  Waters  and  Campbell,  1935, 
p.  481;  Hsu,  1955,  p.  264).  An  important  stratigraphic  implication  is  that  a  single 
distinctive  parent  rock-type  gives  rise  to  a  correspondingly  distinctive  cataclastic 
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rock-type,  and  either  parent  rock  or  derived  rock  may  be  used  in  a  regional  corre¬ 
lation  . 

Different  cataclastic  rock-types  are  commonly  located  in  juxtaposition  but 
they  can  be  clearly  mapped  separately.  Field  observations  indicate  that  only  slight 
mechanical  mixing  of  the  different  adjacent  rocks  has  accompanied  cataclasis,  and 
mineralogical  and  chemical  data  suggest  that  the  main  effect  is  ionic  diffusion  where 
the  adjacent  rock-types  have  appreciably  different  compositions. 

Rocks  of  markedly  different  composition  may  respond  to  shearing  in  a  dis¬ 
similar  manner  under  the  same  pressure-temperature  conditions.  The  same  conclu¬ 
sion  has  been  drawn  by  others,  including  Hsu  (1955,  p.  312),  and  Johnson  (1961, 
p.  421).  In  the  study  area,  the  common  occurrence  of  migmatitic  mafic  gneiss 
proximal  to  felsic  cataclastic  rock  bands  shows  that  plastic  flow  and  ruptural  de¬ 
formation  may  take  place  contemporaneously. 

Geologic  History 

The  following  sequence  of  events  is  based  primarily  upon  observations  made 
during  the  course  of  this  study,  and  as  such  deals  only  with  the  events  that  followed 
the  formation  of  the  basement  gneiss  complex. 

(i)  A  thick  column  of  sedimentary  rocks  accumulated  upon  an  existing  basement  com¬ 
plex  and  became  involved  in  the  Hudsonian  Orogeny  (Godfrey  and  Baadsgaard,  1962). 

(ii)  The  rocks  at  the  base  of  the  sedimentary  column  were  subjected  to  conditions 
equivalent  to  the  upper  amphibolite  to  lower  granulite  facies  of  metamorphism. 

(iii)  Granite  F  was  formed  during  the  granitization  of  part  of  the  sedimentary  rocks 
which  likely  took  place  during  and  shortly  after  the  peak  phase  of  metamorphism. 

(iv)  Metamorphic  conditions  slowly  subsided,  and  cataclastic  effects  became  predom¬ 
inant  over  plastic  deformation  and  recrystallization  under  conditions  equivalent  to 
the  upper  to  middle  greenschist  facies. 

(v)  An  early  phase  of  paracrystal line  cataclasis  under  upper  to  middle  greenschist  fac- 
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ies  conditions  produced  the  major  bands  of  cataclastic  rocks. 

(vi)  Intrusion  of  porphyritic  quartz  diorite  (raisin  granite)  and  Arch  Lake  granite 
likely  took  place  between  the  first  and  second  phases  of  paracrystal line  cataclasis. 

(vii)  Subsequent  recrystallization  of  the  cataclastic  rocks  under  middle  greenschist 
facies  conditions  resulted  in  an  increase  of  grain  size,  which  however,  did  not  ob¬ 
literate  the  cataclastic  textures. 

(viii)  A  second  phase  of  paracrystal  line  cataclasis  under  lower  greenschist  facies 
conditions  locally  produced  secondary  cataclastic  rocks  within  the  existing  cata¬ 
clastic  bands. 

(ix)  Subsequent  recrystallization  was  slight,  and  thereafter,  the  rocks  behaved  in 
a  brittle  manner  under  conditions  equivalent  to  the  zeolite  facies  or  under  essen¬ 
tially  non-metamorphic  conditions. 

(x)  Post-crystalline  cataclasis  produced  mainly  breccia  which  is  typical  of  near¬ 
surface  conditions. 


.  «>boi  3  teotaoloa  }o  tbnod  i  jrm  ©  .  baDtuoiq  jnoit.bnoo  29! 
>  I  I  H  bno  atinoio  nuioi)  sthoib  xhoup  aitiiydaioq  lo  noiiuitn!  (iv) 

,  -  -  ‘c  '•  n  .  :  1  '4 :  .  >  T  9i.y 

-do  toi  bib  xirvn*ori  rtairlw  xssi*  nioig  1o  9209100!  no  ni  bsiluzdi  trioHib.oD  eeiso} 

»2®1UtX3t  oi  *2oloDf  DO  ©Hi  91019^1 
?»»  .10^  t*i  Hatnes  io  c  1.  •  u  eteolooU  :>  .  '  l<  y  oq  o  .  lq  >no  "•92  A  (iiiv) 
-otoo  91  i.xj  aril  nidtiw  e>i.>oi  Ditto  x  ioa  yiobnODae  OSKX.hoiq  yllooc!  jnoii'bnoo 

.«bnod  DittolD 

«•  ;  U  ■  •  1  'tj\(i09i  tneupatd  jZ  (xi) 

-ng?r  labnu  io  2riiaD^  aiiloas  9H  ot  Inal  >vi  a  tnoltlbnoD  iabnu  lonnDm  alttiid  o 

.i  .  ibrso:  o‘Hq  omotam-non  ylloit 
-ior;n  loDiqyl  ti  rtairiw  Doasid  ylniom  bexAoiq  eiioioDiDD  9ni!lDltyiD-i2c<!  (x) 


1 75 


TABLE  Petrogenesis  Of  The  Cataclastic  Rocks 
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APPENDIX  A 

TABLES  25  TO  39 
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TABLE  25 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM  AREA  I,  CHARLES  LAKE 


l-a 

l-b 

l-c 

l-d 

l-e 

l-f 

i-g 

Q 

20 

20 

15 

23 

20 

20 

18 

KFp 

5 

15 

15 

20 

6 

.10 

5 

PI 

45 

50 

60 

45 

68 

55 

65 

Hbl 

14 

— 

— 

- 

- 

— 

Bio 

— 

1 

1 

7 

5 

8 

5 

Chi 

15 

1 

0.5 

1 

- 

1 

2 

Mu 

— 

12 

7 

4 

0.5 

- 

0.2 

Ep 

tr 

tr 

0.5 

— 

— 

3 

3 

Cal 

tr 

0.5 

0.2 

0.1 

— 

— 

— 

Zr 

tr 

tr 

tr 

tr 

0.1 

tr 

tr 

Ap 

0.3 

tr 

- 

— 

- 

0.5 

tr 

Sph 

tr 

- 

- 

- 

- 

- 

- 

Mag 

1 

0.3 

0.2 

tr 

tr 

1 

1.5 

Hem 

- 

0.2 

0.3 

tr 

- 

1 

0.5 

Py 

tr 

' 

' 

0.2 

tr 

TOTAL 

100.3 

100.0 

99.7 

100.1 

99.6 

99.7 

100.2 

— - - 

«/* 

(D 

"U 
•  — 

X 

o 

L. 

O 

c 


"O 

c 

a 


a 

3 


c 

<L) 

O 

s_ 

CD 

CL 


CD  _ 

o  E 
o  a. 

CL 


Si02 

62.90 

72.35 

74.00 

72.71 

75.21 

68.76 

65.76 

Ti02 

0.58 

0.37 

0.29 

0.29 

0.13 

0.25 

0.30 

Al2°3 

14.43 

14.40 

14.81 

14.15 

13.08 

15.17 

15.65 

Fe2C3 

5.36 

2.29 

1.80 

2.07 

1.23 

2.49 

3.39 

MnO 

.029 

.028 

.020 

.031 

.024 

.061 

.069 

MgO 

2.23 

1.01 

0.61 

0.51 

0.31 

0.71 

1.11 

CaO 

3.47 

1.12 

0.90 

0.98 

1.23 

2.43 

2.74 

k2o 

1.74 

4.73 

5.23 

4.77 

3.35 

2.95 

1.85 

Rb 

59 

226 

249 

258 

138 

62 

37 

Sr 

495 

167 

155 

156 

297 

948 

1,030 

TOTAL 

90.80 

96.30 

97.66 

95.51 

94.56 

92.82 

90.87 

i  /  -i  . .  Si  ■  J.  c:'.  -.i 


N 


JATOT 


se.o 


fUcs1 

8S». 
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TABLE  26 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM  AREA  II,  CHARLES  LAKE 


</> 

<D 

“O 
•  — 

X 

o 

O 

c  c- 
<u 

P  O 


~o 

c 

o 


o 

Q- 


O 

£ 


E 

CL 

Q_ 


Si02 

56.40 

63.13 

52.52 

61.56 

63.26 

76.76 

68.01 

73 . 40 

Ti02 

0.72 

0.42 

0.82 

0.74 

0.31 

0.23 

0.56 

0.28  | 

AI^O^ 

16.79 

13.78 

16.82 

13.28 

17.97 

13.75 

14.81 

14.63 

Fe2°3 

5.77 

5.50 

6.07 

7.26 

2.18 

1.58 

3.78 

2,04 

MnO 

.121 

.128 

.119 

.145 

.036 

.019 

.037 

.027 

MgO 

2.33 

2.63 

2.84 

5.17 

0.91 

0.91 

1.62 

0.71 

CaO 

4.47 

5.28 

6.75 

4.32 

1.47 

0.42 

1.82 

1.06  | 

K2o 

4.43 

2.85 

5.92 

0.62 

5.83 

4.23 

3.79 

5.20  | 

Rb 

106 

64 

140 

154 

213 

153 

237 

292  | 

Sr 

623 

629 

1,109 

458 

409 

144 

231 

164  | 

TOTAL 

91.03 

93.72 

91.86 

93.10 

91.97 

97.90 

94.43 

97.35 

x  Mineral  present 
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Table  26  (cont'd.) 


ll-i 

n-i 

li-k 

ll-l 

ll-m 

ll-n 

ll-o 

Q 

15 

17 

15 

20 

20 

20 

15 

KFp 

7 

8 

6 

8 

20 

20 

20 

PI 

60 

55 

60 

53 

48 

50 

45 

Hbl 

0.2 

0.2 

— 

- 

- 

Bio 

3 

5 

5 

7 

2 

1 

4 

Chi 

6 

5 

2 

3 

4 

2 

— 

Mu 

— 

2 

- 

- 

3 

7 

15 

Ep 

8 

7 

10 

7 

1 

— 

— 

Cal 

0.1 

tr 

- 

'  - 

- 

tr 

- 

Zr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

tr 

tr 

tr 

0.5 

0.2 

tr 

- 

Al 

— 

_ 

— 

- 

tr 

- 

- 

Sph 

tr 

— 

— 

- 

0.4 

- 

- 

Lx 

— 

— 

- 

0.1 

- 

- 

Mag 

0.5 

0.5 

1 

1 

0.5 

0.5 

0.2 

Hem 

0.1 

0.2 

0.3 

tr 

1 

- 

0.5 

Py 

— 

0.2 

0.2 

tr 

— 

- 

TOTAL 

99.9 

99.9 

99.5 

99.7 

100.2 

100.5 

99.7 

</> 

<D 

•o 
•  — 

X 

o 


o 

c 


c 

<D 

U 


“O 

c 

o 


<D 

CL 


O 

5 


o  E 

O  CL 
>  CL 


sio2 

66.31 

65.53 

67.73 

65.87 

73.04 

75.78 

74,00 

Ti02 

0.30 

0.32 

0.24 

0.21 

0.29 

0.24 

0.29 

Al2°3 

15.78 

15.30 

14.98 

16.36 

14.99 

14.30 

14.04 

Fe2Os 

2.98 

3.40 

3.54 

2.36 

1.56 

1.40 

1.91 

MnO 

.077 

.088 

.078 

.073 

.019 

.017 

.020 

MgO 

1.32 

1.72 

0.91 

1.01 

0.61 

0.61 

0.71 

CaO 

3.01 

4.07 

4.48 

3.90 

0.98 

0.78 

1.08 

k2o 

2.29 

1.79 

1.68 

2.07 

4.47 

5.20 

5.00 

Rb 

68 

248 

22 

25 

161 

211 

271 

Sr 

986 

1,174 

1 ,223 

1  f252 

259 

163 

156 

TOTAL 

92.07 

92.22 

93.56 

91.85 

95.96 

98.33 

97.05 

‘  fs  6 


.0 


- — - - ...  - - - - - - - 


0 i'.C  89.  S  -Ora1 


. 


. 


■ 


CHEMISTRY  (X-ray  fluorescence)  MINERALOGY  (estimated  percentages) 


184 


TABLE  27 


i/> 

<D 

"O 
•  — ■ 

X 

o 

I—  4— 

o  c 
c  cu 

E  “ 
~o 

c  Q- 
o 


o 

£ 


o  _ 
o  E 
a  Q- 
Q. 


MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  III,  CHARLES  LAKE 


lll-a 

lll-b 

lll-c 

lll-d 

lll-e 

lll-f 

lll-g 

lll-h 

lll-i 

Q 

42.1 

25 

35 

30 

30 

24 

20 

25 

24 

KFp 

37.4 

45 

40 

45 

35 

30 

25 

20 

19 

PI 

7.6 

10 

15 

10 

20 

30 

35 

30 

42 

Di 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Hbl 

7.4 

15 

10 

8 

14 

13 

- 

- 

- 

Bio 

5.3 

4 

— 

7 

1 

2 

tr 

1 

2 

Chi 

— 

— 

— 

— 

— 

— 

1 

1 

1 

Mu 

- 

— 

- 

- 

- 

- 

18 

23 

12 

Ep 

- 

tr 

- 

- 

- 

0.5 

tr 

- 

tr 

Cal 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Zr 

0.1 

— 

tr 

tr 

tr 

tr 

tr 

— 

— 

Ap 

- 

tr 

tr 

- 

- 

tr 

- 

- 

— 

Al 

- 

0.5 

- 

- 

0.5 

- 

- 

- 

- 

Sph 

0.3 

tr 

tr 

- 

tr 

- 

tr 

- 

- 

Lx 

- 

m 

- 

- 

- 

- 

1 

- 

- 

Mag 

0.1 

tr 

0.3 

tr 

tr 

0.5 

- 

- 

- 

Hem 

- 

tr 

- 

tr 

tr 

tr 

0.2 

0.4 

0.2 

Py 

— 

— 

— 

tr 

— 

— 

— 

— 

— 

TOTAL 

100.3 

99.5 

100.3 

100.0 

100.5 

100.0 

100.2 

100.4 

100.2 

sio2 

74.44 

74.28 

74.51 

70.80 

75.96 

67.57 

70.00 

75.39 

70.80 

Ti02 

0.25 

0.21 

0.28 

0.29 

0.25 

0.35 

0.22 

0.09 

0.33 

Al2°3 

11.21 

11.93 

10.59 

12.24 

10.80 

13.46 

14.57 

14.79 

14.92 

Fe2o3 

3.94 

3.79 

4.56 

4.39 

4.68 

5.55 

1.80 

0.76 

2.41 

MnO 

.046 

0.043 

.059 

.066 

.063 

0.094 

.032 

.012 

.039 

MgO 

0.10 

.20 

0.20 

0.20 

0.20 

0.20 

0.51 

0.30 

0.61 

CaO 

1.15 

1.4 

1.41 

1.35 

1.19 

1.87 

1.13 

0.64 

1.07 

k2o 

4.20 

5.22 

4.54 

5.30 

4.52 

5.36 

5.33 

4.74 

5.40 

Rb 

95 

98 

80 

99 

88 

90 

271 

277 

345 

Sr 

7 

207 

188 

— 

19 

72 

135 

62 

113 

TOTAL 

95.34 

95.47 

96.10 

94.64 

97.66 

94.45 

93.59 

96.72 

95.58 
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Table  27  (cont'd.) 


“O 

<D 


a 

E 
•  — 


>- 

O 

o 

_l 

< 

O' 

LU 

z 


lll-j 

lll-k 

lll-l 

1  ll-m 

lll-n 

lll-o 

lll-p 

lll-q 

93* 

Q 

20 

15 

25 

10 

17.3 

15 

15 

10 

8.6 

KFp 

10 

5 

10 

7 

11.6 

15 

20 

8 

13.7 

PI 

50 

49 

49 

60 

59.1 

54 

49 

55 

48.7 

Di 

- 

— 

— 

- 

- 

- 

- 

5 

- 

Hbl 

— 

10 

tr 

20 

0.4 

4 

7 

3 

3.2 

Bio 

16 

10 

3 

— 

4.4 

8 

7 

15 

15.5 

Chi 

2 

5 

9 

- 

1.5 

- 

tr 

tr 

- 

Mu 

— 

2 

— 

— 

- 

- 

- 

- 

- 

Ep 

2 

3 

2 

3 

4.7 

3 

1 

tr 

4.1 

Cal 

- 

- 

0.5 

tr 

0.1 

tr 

— 

- 

— 

Zr 

tr 

tr 

tr 

tr 

_ 

tr 

— 

0.1 

Ap 

tr 

tr 

tr 

0.5 

0.5 

tr 

tr 

0.1 

1.5 

Al 

tr 

- 

- 

- 

- 

«*• 

- 

- 

0.2 

Sph 

1  V 

- 

tr 

tr 

tr 

tr 

tr 

tr 

— 

1.3 

LX 

Mag 

tr 

0.7 

0.5 

tr 

0.5 

1 

1 

3 

3.3 

Hem 

- 

0.2 

1 

tr 

- 

- 

tr 

- 

0.1 

Py 

0.5 

0.1 

- 

tr 

— 

— 

— 

- 

— 

TOTAL 

100.5 

100.0 

100.0 

100.5 

100.1 

100.0 

100.0 

99.3 

100.3 

Si02 

66.38 

64.04 

67.00 

62.28 

64.86 

65.92 

66.31 

61.72 

53.25 

<u 

o 

</) 

o 

~o 

Ti02 

0.48 

0.68 

0.39 

0.22 

0.22 

0.21 

0.21 

0.60 

1.27 

c 

0) 

u 

</J 

X 

o 

Al2°3 

13.47 

13.88 

14.30 

14.04 

16.20 

16.47 

15.07 

13.88 

15.46 

<u 

>_ 

o 

g  c 
.-  cu 

Fe2°3 

4.29 

4.89 

3.82 

4.05 

2.42 

2.29 

2.83 

4.89 

5.23 

D 

u— 

E  u 

MnO 

.097 

.082 

.113 

.137 

.078 

.093 

.084 

0.071 

0.123 

X 

a 

i— 

“O  ai 
§ 

MgO 

2.23 

1.82 

1.92 

2.33 

1.01 

0.91 

1.22 

2.22 

1.90 

i 

X 

u. 

o 

•  mmmm 

CaO 

3.64 

3.38 

3.29 

5.46 

3.55 

3.58 

3.25 

4.15 

5.27 

>- 
O' 
i — 

1 

k2o 

2.42 

2.82 

1.78 

1.57 

2.15 

2.06 

2.47 

2.72 

3.85 

on 

LU 

aj  c 

o  E 

Rb 

140 

147 

21 

16 

21 

25 

15 

56 

65 

X 

u 

o  a. 
£ 

Sr 

492 

365 

924 

1.077 

1.261 

1.346 

1.347 

724 

869 

TOTAL 

93.01 

91.59 

92.61 

90.09 

90.49 

91.53 

91.49 

90.25 

84.35 

*  Standard  rock  sample 
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TABLE  28 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM  AREA  IV,  CHARLES  LAKE 


o 

c 

'i 

f-8  s 

,  X  (D 

O  O  a. 

O 


<D  p 

£  S- 

P  a. 


sio2 

- 

67.54 

67.35 

73.74 

71.60 

- 

Ti02 

- 

U.  49 

0.60 

0.38 

0.38 

- 

ai2o3 

- 

12.93 

13.69 

12.14 

14.41 

- 

Fe203 

- 

4.34 

4.31 

4.86 

3.47 

- 

MnO 

- 

U.075 

0.073 

0.187 

0.044 

- 

MgO 

- 

1.90 

2.01 

2.01 

1.69 

- 

CaO 

- 

1.75 

1.79 

0.93 

0.99 

- 

k2o 

- 

3.41 

4.32 

3.41 

5.42 

- 

Rb 

- 

95 

174 

122 

166 

- 

Sr 

- 

286 

210 

126 

221 

- 

Total 

- 

92.44 

94.14 

97.66 

98.00 

- 
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e.*a 
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98 

6 

e.o 

1  HO 

6.8 

Of 
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- 

it 

6.0 

£.0 

loD 

It 

- 

S.O 

qA 

s.o 

s.o 

- 

- 

- 

meH 

•rt 
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TABLE  29 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 

AREA  V,  CHARLES  LAKE 


V-a 

V-b 

V-c 

V-d 

V-e 

V-f 

V-g 

Q 

10 

20 

20 

25 

30 

30 

KFp 

25 

5 

7 

2 

5 

10 

PI 

55 

45 

43 

47 

40 

40 

Bio 

— 

10 

25 

20 

20 

15 

Chi 

3 

5 

1 

2 

1 

Mu 

— 

15 

5 

5 

3 

4 

Ep 

6 

~o 

<D 

0.1 

— 

— 

tr 

— 

Cal 

0.1 

C 
•  — 

_ 

tr 

o 

Zr 

_ 

O 

tr 

tr 

tr 

tr 

tr 

Ap 

- 

o 

c 

- 

tr 

tr 

tr 

— 

Al 

— 

u_ 

— 

— 

— 

_ 

Sph 

0.1 

o 

o 

tr 

tr 

tr 

tr 

— 

Lx 

tr 

h— 

0.1 

tr 

tr 

tr 

_ 

Mag 

— 

tr 

— 

— 

tr 

Hem 

1 

0.1 

tr 

tr 

tr 

tr 

TOTAL 

100.2 

100.3 

100.0 

100.0 

100.0 

100.0 

N. 

sio2 

68.86 

80.06 

CO 

<D 

"D 

Ti02 

0.29 

0.13 

•  — 

X 

o 

Al2°3 

14.52 

12.33 

i— 

o 

c 

c 

CD 

Fe203 

3.22 

2.06 

*E 

"O 

o 

1— 

a> 

MnO 

0.060 

0.0[9 

c 

a 

CL 

MgO 

1.80 

0.40 

l. 

o 

•  ■  ■ 

CaO 

1.78 

0.34 

o 

k2o 

4.14 

3.62 

V 

a) 

o 

E 

Rb 

129 

154 

o 

i_ 

1 — 

CL 

CL 

Sr 

351 

79 

67.36 

65.95 

65.66 

68.58 

70.00 

0.83 

0.39 

0.74 

0.58 

0.56 

15.52 

14.85 

14.65 

13.70 

14.43 

7.28 

4.74 

5.25 

4.75 

4.51 

.081 

.074 

.056 

.069 

.079 

2.43 

1.52 

2.13 

1.52 

1.22 

0.47 

2.55 

1.86 

2.59 

1.83 

3.75 

4.03 

2.79 

3.17 

4.08 

136 

175 

79 

119 

180 

80 

295 

286 

268 

163 

TOTAL  94.67  98.97  97.72  94.10  93.14  94.96  96.71 
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TABLE  30 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  VI,  CHARLES  LAKE 


Vl-a 

Vl-b 

Vl-c 

Vl-d 

Vl-e 

Vl-f 

Q 

20 

20 

20 

15 

25 

KFp 

7 

5 

15 

10 

10 

PI 

43 

53 

25 

28 

32 

Di 

— 

- 

— 

17 

- 

Act+  Hbl 

- 

- 

- 

8 

10 

Bio 

5 

20 

8 

5 

7 

Chi 

20 

2 

7 

11 

5 

Mu 

“O 

0 

5 

20 

5 

7 

Ep 

c 
•  ~ 

tr 

tr 

- 

- 

0.5 

Cal 

o 

L- 

tr 

- 

- 

- 

— 

Gt 

o 

0.5 

— 

3 

— 

— 

Ct 

0 

c 
•  — 

u_ 

— 

— 

2 

— 

— 

Zr 

o 

o 

tr 

- 

tr 

tr 

tr 

Ap 

h- 

tr 

0.5 

- 

0.5 

0.5 

Sph 

- 

tr 

- 

- 

— 

Mag 

tr 

tr 

tr 

0.5 

3 

Hem 

tr 

— 

tr 

— 

— 

TOTAL 

100.5 

100.5 

100.0 

100.0 

100.0 

«/> 

0 

"O 
•  — 

X 

o 


~o  0 

C  Q_ 
O 


E 

a. 

CL 


Si02 

63.05 

69.53 

68.60 

65.27 

60.50 

64.50 

Ti02 

0.57 

0.59 

0.55 

0.59 

0.60 

0.59 

Al2°3 

15.28 

13.49 

14.70 

16.70 

12.30 

13.14 

Fe203 

4.81 

5.17 

4.06 

6.94 

5.76 

5.10 

MnO 

.070 

.071 

.067 

.095 

.114 

.104 

MgO 

1.42 

1,62 

1.42 

2.23 

5.77 

4.86 

CaO 

2.56 

1.89 

2.56 

0.73 

5.57 

0.36 

k2o 

4.25 

2.52 

3.02 

4.73 

3.41 

2.47 

Rb 

112 

76 

199 

205 

155 

71 

Sr 

298 

164 

293 

107 

726 

872 

TOTAL 

92.01 

94.88 

94.98 

97.29 

94.02 

91.12 

MO!  !1MMA2  iO  YJJ72  M3HD  'JMA  Y OOJA»UIM 
3>AJ  23JWVH}  IV  A3S, 


... 

ci-iV  n-IV 


' 

' 


JATOT 


. 


CHEMISTRY  (X-ray  fl  uorescence)  MINERALOGY  (estimated  percentages) 


189 


TABLE  31 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  VII,  CHARLES  LAKE 


Vll-a 

Vll-b 

Vll-c 

150 

152 

Q 

30 

30 

25 

13.8 

21.3 

KFp 

15 

20 

18 

22.9 

01 

PI 

41 

35 

45 

54.4 

56.0 

Di 

— 

— 

— 

— 

29 

Hbl 

- 

— 

2 

3.9 

7.8 

Bio 

6 

1 

7 

1.4 

8.5 

Chi 

1 

8 

0.5 

- 

21 

Mu 

1 

— 

— 

— 

— 

Ep 

4 

5 

1 

1.5 

0.7 

Cal 

- 

tr 

- 

- 

- 

Zr 

tr 

tr 

tr 

mm 

tr 

Ap 

tr 

0.1 

0.1 

0.3 

0.3 

Al 

- 

tr 

- 

0.3 

— 

Sph 

tr 

tr 

tr 

— 

— 

Lx 

0.3 

- 

— 

— 

— 

Mag 

0.5 

1 

1 

0.7 

0.7 

Hem 

0.2 

0.5 

- 

- 

— 

Py 

tr 

- 

- 

- 

- 

TOTAL 

100.0 

100.6 

99.6 

99.2 

100.4 

E 

Q. 

CL 


Si02 

68.45 

71.55 

68.76 

68.47 

61.81 

Ti02 

0.21 

0.19 

0.20 

0.24 

0.55 

Al2°3 

15.27 

15.75 

15.82 

16.62 

14.60 

»V>3 

2.12 

1.98 

2.14 

2.38 

4.69 

MnO 

.093 

.075 

.073 

.088 

0.096 

MgO 

0.71 

0.91 

0.91 

0.71 

2.85 

CaO 

2.83 

2.34 

3.43 

3.26 

5.39 

k2o 

2.49 

3.70 

1.90 

2.53 

1.25 

Rb 

36 

74 

31 

54 

24 

Sr 

1,434 

1,032 

1,119 

1,156 

465 

TOTAL 

92.17 

96.50 

93.23 

94.30 

91.24 
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TABLE  32 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  VIII,  CORNWALL  LAKE 


0 

V 1 1 1— a 

VII 1— b  VIII— c 

Vlll-d 

VIII  — e 

Vlll-f 

CD 

D 

4— 

c 

Q 

25 

30 

30 

35 

<D 

u 

KFp 

30 

25 

20 

20 

0 

PI 

27 

30 

40 

40 

Q. 

Bio 

4 

M 

M 

M 

"D 

0) 

Chi 

1 

7 

4 

3 

1 

2 

a 

c 

Mu 

10 

8 

6 

2 

1 

1 

c 
•  — 

■4— 

u> 

Ep 

2 

- 

- 

- 

- 

- 

^<D 

>- 

Zr 

tr 

- 

- 

tr 

- 

- 

O 

Ap 

- 

- 

tr 

- 

- 

- 

o 

Al 

- 

- 

tr 

— 

- 

< 

Sph 

0.1 

tr 

0.1 

tr 

- 

O' 

LU 

Lx 

0.1 

0.4 

tr 

0.1 

tr 

tr 

z 

Mag 

0.5 

- 

- 

tr 

- 

- 

Hem 

tr 

tr 

tr 

0.5 

tr 

tr 

TOTAL 

99.7 

100.4 

100.0 

100.7 

- 

- 

sio2 

69.79 

72.29 

74.18 

50.00 

83.34 

90.15 

'<!>' 

O 

c 

«/> 

<u 

Ti02 

0.43 

0.29 

0.35 

0.18 

0.24 

0.17 

<D 

O 

to 

<D 

x: 

o 

>_ 

Al2°3 

14.63 

14.54 

12.34 

10.70 

8.83 

8.35 

O 

D 

0 

c 

c 

<D 

Fe2°3 

2.84 

1.95 

2.04 

1.78 

1.87 

1.62 

14- 

E 

o 

MnO 

.021 

.019 

.023 

0.019 

0.020 

0.017 

X 

-O 

(1) 

o 

l_ 

1 

c 

o 

CL 

MgO 

1.11 

1.01 

0.91 

0.81 

0.51 

0.61 

>< 

L_ 

o 

•  MM 

CaO 

1.60 

0.32 

0.55 

0.43 

0.57 

0.35 

> 

£ 

o 

K,0 

4.67 

5.46 

2.71 

3.02 

2.66 

2.63 

CO 

Kl 

* 

LU 

X 

<1) 

o 

E 

Rb 

277 

247 

156 

136 

162 

143 

u 

o 

1_ 

1— 

CL 

CL 

Sr 

232 

112 

83 

85 

108 

70 

TOTAL 

95.09 

95.88 

93.10 

96.94 

98.04 

103.90 
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TABLE  33 


MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  IX,  CORNWALL  LAKE 


0 

"O 
•  — 


“a  0 
c  CL 
a 


o 
•  — 

a 


IX-a 

IX-b 

IX-c 

IX-d 

IX-e 

IX-f 

IX-g 

IX-h 

Q 

25 

15 

15 

15 

22 

20 

20 

20 

KFp 

25 

30 

10 

15 

13 

2 

10 

15 

PI 

30 

40 

40 

45 

45 

63 

35 

45 

Bio 

10 

4 

28 

15 

17 

8 

8 

- 

Chi 

1 

8 

- 

0.5 

1 

2 

tr 

tr 

Mu 

- 

1 

— 

- 

1 

2 

20 

14 

Ep 

4 

1.5 

5 

7 

1 

3 

7 

0.5 

Cal 

- 

0.5 

- 

0.5 

tr 

tr 

- 

- 

Zr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

1.5 

tr 

0.5 

1 

tr 

tr 

tr 

tr 

Al 

tr 

- 

tr 

- 

- 

- 

- 

- 

Sph 

1.5 

tr 

1.5 

- 

- 

- 

- 

tr 

Lx 

- 

- 

- 

1 

- 

- 

- 

0.2 

Mag 

1 

tr 

- 

- 

- 

- 

- 

tr 

Hem 

1 

0.2 

tr 

tr 

tr 

tr 

tr 

0.2 

Py 

0.1 

- 

tr 

— 

— 

— 

- 

tr 

TOTAL 

100.1 

99.7 

100.0 

100.0 

100.0 

100.0 

100.0 

99.9 

sio2 

63.96 

67.91 

58.36 

64.47 

68.37 

64.50 

64.09 

70.77 

Ti02 

0.91 

0.28 

1.26 

0.44 

0.60 

0.41 

0.57 

0.34 

ai2o3 

12.57 

15.57 

13.54 

14.05 

12.64 

14.27 

14.89 

13.80 

Fe203 

5.91 

3.23 

7.52 

4.35 

5.03 

4.28 

6.74 

4.12 

MnO 

.096 

.082 

.141 

.089 

.079 

.082 

.201 

.104 

MgO 

2.43 

1.52 

3.65 

2.43 

2.63 

2.74 

2.63 

1.42 

CaO 

2.32 

1.99 

4.02 

4.06 

1.78 

2.57 

2.68 

1.13 

k2o 

4.71 

5.07 

3.25 

2.90 

2.92 

2.22 

5.00 

4.48 

Rb 

76 

134 

246 

173 

156 

129 

191 

195 

Sr 

166 

359 

393 

414 

351 

445 

245 

235 

TOTAL 

92.91 

95.65 

91.74 

92.79 

94.05 

91.07 

96.80 

96.16 
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Table  33  (cont'd.) 


IX-i 

ix— j 

IX-k 

IX-I 

IX-m 

IX-n 

IX-o 

Q 

15 

18 

20 

25 

25 

30 

30 

KFp 

10 

20 

15 

20 

15 

6 

15 

PI 

55 

45 

45 

30 

35 

43 

35 

Bio 

15 

8 

13 

20 

20 

15 

13 

Chi 

1 

2 

2 

1 

1 

0.5 

2 

Mu 

3 

7 

3 

2 

2 

5 

4 

Ep 

1 

- 

2 

2 

2 

- 

1 

Cal 

- 

- 

tr 

- 

- 

0.5 

tr 

Zr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

tr 

tr 

tr 

0.1 

tr 

tr 

tr 

Al 

tr 

0.3 

- 

— 

tr 

— 

- 

Sph 

- 

- 

- 

tr 

- 

- 

- 

Lx 

- 

- 

tr 

- 

- 

tr 

- 

Mag 

- 

tr 

- 

tr 

tr 

tr 

- 

Hem 

tr 

tr 

tr 

tr 

tr 

tr 

0.2 

Py 

tr 

tr 

- 

- 

- 

— 

- 

TOTAL 

100.0 

100.3 

100.0 

100.1 

100.0 

100.0 

100.2 

sio2 

67.67 

72.55 

67.15 

64.68 

63.83 

66.07 

67.73 

Ti02 

0.62 

0.56 

0.60 

0.70 

0.73 

0.61 

0.62 

a'2o3 

14.33 

13.28 

13.91 

14.46 

14.24 

14.44 

13.99 

4.97 

3.58 

4.58 

5.44 

5.76 

4.51 

4.81 

MnO 

.081 

.064 

.076 

.092 

.098 

.091 

.079 

MgO 

1.92 

1.32 

1.72 

1.62 

1.82 

1.72 

1.62 

CaO 

2.04 

1.30 

2.03 

3.21 

2.96 

2.34 

2.40 

K2° 

3.10 

3.58 

3.64 

2.88 

3.18 

4.30 

3.07 

Rb 

163 

81 

152 

174 

203 

166 

181 

Sr 

266 

152 

242 

325 

300 

259 

223 

TOTAL 

94.73 

96.23 

95.71 

93.0a 

92.62 

94.08 

94.32 
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TABLE  34 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  X,  TREASURE  LOCH 


X-a 

X-b 

X-c 

X-d 

X-e 

X-f 

X-g 

Q 

30 

25 

25 

20 

15 

10 

40 

KFp 

20 

8 

7 

8 

4 

4 

5 

PI 

43 

50 

55 

50 

63 

65 

20 

Bio 

7 

12 

10 

20 

15 

12 

7 

Chi 

tr 

0.1 

0.5 

- 

- 

- 

- 

Mu 

- 

3 

3 

1 

- 

8 

25 

Ep 

- 

- 

- 

- 

- 

- 

- 

Cal 

- 

- 

tr 

tr 

- 

- 

tr 

Gt 

- 

1 

- 

- 

- 

- 

3 

Zr 

tr 

0.1 

tr 

tr 

— 

tr 

tr 

Ap 

A  1 

0.2 

0.5 

- 

0.5 

2 

0.3 

- 

Ml 

Sph 

— 

- 

— 

— 

— 

— 

— 

Lx 

- 

- 

0.2 

- 

- 

0.1 

tr 

Mag 

tr 

tr 

tr 

0.5 

0.2 

0.2 

tr 

Hem 

tr 

tr 

tr 

0.5 

0.5 

0.5 

tr 

Py 

tr 

— 

tr 

tr 

— 

— 

- 

TOTAL 

100.2 

99.8 

100.7 

100.5 

99.7 

100.1 

100.0 

</l 

CD 

-J3 

*X 

o 


o  +- 
c  c 
•-  0 
E  o 

O  CL 


E 

a. 

Ql 


Si02 

66.20 

61.61 

68.78 

61.27 

63.47 

68.91 

57.30 

Ti02 

0.49 

0.42 

0.57 

0.63 

0.80 

0.56 

0.98 

Al2°3 

15.01 

16.94 

14.65 

16.72 

15.59 

15.41 

16.44 

Fe203 

3.40 

2.99 

3.64 

4.08 

4.16 

4.27 

10.39 

MnO 

.043 

.044 

.073 

.052 

.043 

.063 

.255 

MgO 

2.03 

1.62 

1.72 

2.03 

2.23 

2.03 

3.34 

CaO 

1.88 

1.98 

2.24 

2.58 

2.58 

2.98 

0.46 

k2o 

4.28 

6.32 

3.60 

5.33 

3.98 

2.16 

4.12 

Rb 

152 

186 

152 

185 

173 

121 

200 

Sr 

467 

524 

353 

476 

503 

455 

67 

TOTAL 

93.33 

91.92 

95.27 

92.64 

92.85 

96.38 

93.29 
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Table  34  (cont'd.) 


X-h 

X-i 

X-i 

X-k 

X-I 

X-m 

X-n 

0 

30 

40 

25 

25 

35 

35 

30 

KFp 

1 

0.2 

1 

7 

30 

30 

12 

PI 

32 

20 

45 

35 

23 

22 

41 

Bio 

tr 

1 

7 

15 

8 

3 

8 

Chl 

10 

8 

3 

0.5 

5 

2 

Mu 

25 

30 

15 

151 

3 

3 

1 

Ep 

tr 

- 

- 

- 

- 

1 

3 

Cal 

- 

- 

- 

- 

- 

0.1 

- 

Gt 

0.2 

tr 

4 

- 

- 

- 

- 

Zr 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

- 

- 

- 

tr 

- 

tr 

0.3 

Al 

- 

- 

- 

- 

- 

tr 

tr 

Sph 

- 

- 

- 

- 

- 

tr 

1 

Lx 

0.2 

- 

- 

- 

- 

tr 

- 

Mag 

0.1 

tr' 

0.1 

- 

tr 

0.1 

1.5 

Hem 

1 

0.2 

0.2 

3 

0.5 

1 

- 

Py 

— 

— 

— 

— 

— 

tr 

— 

TOTAL 

99.5 

99.4 

99.3 

100.0 

100.0 

100.2 

99.8 

sio2 

64.37 

73.66 

63.08 

69.15 

75.06 

74.85 

68.16 

Ti02 

0.58 

0.39 

0.77 

0.88 

0.23 

0.24 

0.64 

Al2°3 

17.47 

15.97 

14.73 

16.81 

13.40 

13.34 

14.78 

P*2°3 

7.69 

3.69 

8.61 

6.27 

1.81 

1.89 

4.75 

MnO 

.092 

.074 

.235 

.046 

.037 

.035 

.101 

MgO 

2.53 

1.42 

2.83 

2.43 

0.61 

0.61 

1.52 

CaO 

0.37 

0.88 

1.96 

6.85 

0.74 

1.26 

2.98 

k2o 

3.49 

2.88 

3.32 

4.27 

5.71 

4.37 

3.65 

Rb 

127 

107 

193 

229 

228 

122 

133 

Sr 

53 

248 

170 

97 

97 

193 

330 

TOTAL 

96.59 

98.96 

95.54 

100.71 

97.60 

96.60 

96.58 
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TABLE  35 


MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  XI,  ASHTON  LAKE 


Xl-a 

Xl-b 

Xl-c 

Xl-d 

Xl-e 

Xl-f 

Xl-g 

Xl-h 

Xl-i 

Q 

30 

20 

20 

30 

50 

7 

50 

25 

10 

KFp 

25 

25 

59 

25 

2 

2 

5 

7 

21 

PI 

35 

33 

20 

34 

20 

56 

35 

52 

36 

Hbl 

— 

— 

— 

— 

— 

- 

- 

15 

Bio 

5 

15 

- 

7 

5 

26 

4 

7 

10 

Chi 

1 

1 

tr 

1 

2 

2 

1 

5 

tr 

Mu 

— 

— 

— 

— 

20 

— 

- 

- 

- 

Ep 

3 

5 

— 

2 

- 

4 

4 

2 

5 

Cal 

tr 

tr 

- 

— 

— 

- 

- 

- 

- 

Gt 

- 

— 

— 

- 

0.5 

— 

- 

— 

- 

Ct 

- 

- 

- 

- 

- 

- 

- 

- 

0.3 

Zr 

tr 

tr 

- 

tr 

tr 

- 

tr 

tr 

tr 

Ap 

tr 

tr 

- 

- 

- 

1 

- 

tr 

tr 

Al 

tr 

- 

- 

- 

- 

- 

- 

- 

- 

Sph 

tr 

- 

- 

tr 

- 

tr 

- 

tr 

tr 

Mag 

1 

1 

tr 

- 

tr 

1 

1 

1 

1 

Hem 

tr 

tr 

1 

1 

1 

1 

tr 

1 

0.5 

Py 

tr 

tr 

tr 

- 

- 

- 

tr 

- 

0.5 

TOTAL 

100.0 

100.0 

100.0 

100.0 

100.5 

100.0 

100.0 

100.0 

99.3 

- 

sio2 

69.40 

63.24 

75.57 

79.31 

80.14 

64.19 

63.57 

65.51 

57.40 

** 

</> 

<D 

~o 

Ti02 

0.43 

0.72 

0.03 

0.21 

0.46 

0.57 

0.68 

0.62 

0.74 

X 

o 

Al2°3 

13.94 

15.89 

13.92 

9.45 

8.89 

14.18 

15.24 

14.53 

14.72 

o 

c 

■4— 

C 

<1> 

o 

*>°3 

2.94 

5.23 

4.44 

2.72 

3.62 

4.97 

5.37 

5.07 

6.57 

•  — 

E 

MnO 

.042 

.091 

.008 

.034 

.052 

.067 

.041 

.080 

.144 

“O 

c 

a 

a> 

CL 

MgO 

0.91 

1.82 

0.10 

0.61 

0.81 

2.03 

2.03 

2.13 

3.14 

o 

• 

CaO 

2.29 

3.80 

0.16 

0.78 

0.21 

2.62 

3.48 

6.97 

5.51 

1 

k2o 

4.33 

4.01 

6.92 

2.40 

2.23 

4.07 

1.24 

3.75 

3.68 

a 

o 

□ 

E 

o 

Rb 

70 

82 

166 

54 

70 

97 

31 

132 

88 

h- 

Q. 

Sr 

417 

531 

44 

85 

47 

751 

764 

468 

1,145 

TOTAL 

94.28 

94.80 

101.15 

95.51 

96.41 

92.70 

91.65 

93.65 

71.96 
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TABLE  36 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  XII,  COLLINS  LAKE 


Xll-a 

Xll-b 

Xll-c 

Xll-d 

Xll-e 

Xll-f 

Xll-g 

Xll-h 

Xll-i 

Q 

40 

20 

20 

15 

29 

20 

34 

20 

KFp 

25 

15 

10 

15 

10 

15 

5 

10 

PI 

25 

50 

45 

40 

44 

40 

29 

45 

Bio 

5 

- 

2 

8 

3 

- 

— 

tr 

Chi 

2 

8 

4 

4 

4 

7 

1 

5 

Mu 

3 

tr 

12 

12 

3 

13 

30 

20 

Ep 

0.2 

5 

4 

3 

2 

1 

2 

- 

- 

Cal 

- 

- 

tr 

- 

1 

1 

tr 

0.5 

- 

Zr 

tr 

— 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

tr 

tr 

0.2 

tr 

tr 

0.1 

tr 

- 

tr 

Al 

tr 

tr 

0.5 

0.5 

tr 

- 

0.2 

- 

tr 

Sph 

- 

0.2 

1 

tr 

- 

- 

- 

- 

Lx 

Tl 

Mag 

- 

0.2 

1 

0.2 

2 

1 

1 

0.5 

0.5 

0.2 

1 

1 

1 

— 

0.2 

0.3 

— 

Hem 

0.3 

1 

0.5 

0.2 

2 

2 

1 

tr 

tr 

Py 

Gf 

tr 

- 

0.1 

tr 

0.2 

tr 

tr 

- 

- 

TOTAL 

100.7 

100.2 

100.5 

99.9 

100.2 

100.3 

- 

100.0 

100.3 

sio2 

73.80 

61.82 

66.87 

66.80 

66.69 

69.22 

67.70 

68.68 

70.72 

Ti02 

0.24 

0.59 

0.56 

0.59 

0.66 

0.43 

0.36 

0.30 

0.24 

AlpO^ 

13.07 

12.56 

14.47 

13.37 

13.62 

13.13 

14.11 

16.31 

15.81 

F*>3 

1.92 

6.47 

4.01 

4.24 

4.02 

3.92 

5.53 

1.85 

2.44 

MnO 

.031 

.073 

.057 

.062 

.064 

.038 

.033 

.035 

.025 

MgO 

0.61 

5.37 

1.82 

1.92 

1.62 

2.03 

1.01 

0.81 

1.01 

CaO 

0.72 

1.92 

2.35 

1.96 

2.38 

0.71 

1.15 

2.53 

0.03 

k2o 

6.03 

3.61 

3.98 

3.77 

1.72 

3.81 

5.93 

4.50 

4.86 

Rb 

172 

110 

136 

110 

51 

102 

144 

215 

233 

Sr 

264 

456 

549 

482 

296 

235 

624 

55 

71 

TOTAL 

96.42 

92.41 

94.12 

92.71 

90.77 

93.83 

95.82 

95.02 

95.41 
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Table  36  (cont'd.) 


Xll-j 

Xll-k 

Xll-I 

Xll-m 

Xll-n 

XI  l-o 

Xll-p 

Xll-q 

Xll-r 

Q 

*■  . 

15 

15 

25 

60 

25 

30 

60 

KFp 

U: 

10 

3 

3 

1 

20 

20 

7 

PI 

\- 

50 

30 

40 

20 

30 

30 

25 

Bio 

3 

3 

6 

- 

- 

— 

- 

Chi 

3 

tr 

tr 

3 

1 

8 

5 

5 

Mu 

35 

20 

40 

20 

15 

15 

15 

- 

Ep 

- 

1 

- 

- 

- 

1 

tr 

0.5 

Cal 

- 

1 

2 

- 

3 

- 

- 

0.5 

"O 

Zr 

tr 

<D 

C 

tr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

tr 

o 

L. 

- 

- 

- 

tr 

- 

- 

- 

Al 

- 

o 

- 

- 

- 

- 

- 

- 

- 

Sph 

- 

a> 

c 

- 

- 

1 

- 

- 

- 

- 

Lx 

1 

• — 

u_ 

0.2 

0.2 

tr 

- 

1 

0.2 

- 

Tl 

- 

o 

- 

6 

2 

0.2 

- 

- 

- 

Mag 

- 

o 

h— 

tr 

0.2 

- 

- 

tr 

tr 

- 

Hem 

1 

tr 

0.5 

- 

tr 

tr 

tr 

2 

Py 

- 

- 

0.1 

tr 

- 

- 

- 

- 

Gf 

— 

— 

0.2 

0.5 

— 

— 

0.2 

— 

TOTAL 

- 

- 

100.2 

100.2 

100.5 

100.2 

100.0 

100.4 

100.0 

Si02 

69.71 

69.27 

68.27 

64.14 

75.91 

70.54 

71.52 

73.30 

Ti02 

0.31 

0.41 

0.34 

0.89 

0.06 

0.64 

0.54 

0.10 

Al2°3 

14.88 

15.57 

15.57 

15.43 

14.33 

13.67 

14.72 

14.24 

Fe203 

2.37 

3.59 

3.51 

6.73 

1 .22 

5.59 

4.72 

2.36 

MnO 

.034 

.043 

.043 

.071 

.025 

.071 

.049 

.041 

MgO 

0.81 

1.22 

1.22 

2.33 

0.61 

2.33 

1.92 

1.42 

CaO 

1.03 

0.78 

1.41 

0.58 

2.44 

0.28 

0.28 

1.92 

k2o 

3.50 

4.67 

4.02 

3.40 

2.56 

3.64 

3.18 

2.47 

Rb 

129 

259 

186 

252 

114 

170 

151 

140 

Sr 

273 

102 

103 

42 

60 

48 

120 

295 

TOTAL 

92.64 

95.55 

94.38 

93.57 

97.16 

96.76 

96.93 

15.85 

* 

Too  I 

' 

</> 

a> 

T3 

X 

o 

l— 

o 

c 


•a 

c 

a 


o 

5 


c 

(U 

o 

1— 

a> 

a. 


o  E 
a  Q- 
Q. 


MX  o-tiX  q-l!  <  .-|:X 


vS 


- - - - - — — - 


>c '  *  ■  -  or  oc  \.  n i  ■  cof  001 

. 


■ 


'•  *6  \£.*6  £  9o  IX  6 

■i.o  k  o  -6.0  (  i.o  i.o  -e.u  ,  i«-.o  i.  o  ‘oil  i  3 


.  9*0.  I  .  .  0.  S‘0 .  I  0.  >>00.  .),M 

££.£ 


3X.C 


£9  *6. £9 

— — - -  - — - 


CHEMISTRY  (X-ray  fluorescence)  MINERALOGY  (estimated  percentages) 


198 


TABLE  37 


MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  XIII,  BAYONET  LAKE 


</> 

<D 

*X 

o 


o 

c 


c 

0 

o 


~o 

c 

o 


o 

CL 


I 


o  E 
0  a. 

Ql 


XIII  —a 

Xlll-b 

Xlll-c 

Xlll-d  Xlll-e 

Xlll-f 

Xlll-g 

Q 

20 

20 

25 

25 

48 

30 

KFp 

4 

8 

15 

15 

5 

tr 

- 

PI 

— 

35 

40 

35 

44 

15 

45 

Bio 

15 

10 

10 

15 

20 

2 

18 

Chi 

- 

0.5 

tr 

1 

tr 

1 

tr 

Mu 

25 

25 

13 

8 

4 

33 

- 

Ep 

0.1 

0.5 

0.5 

0.2 

1 

- 

5 

Cal 

0.1 

0.2 

tr 

- 

- 

- 

— 

Gt 

- 

- 

- 

- 

- 

1 

- 

Zr 

0.1 

tr 

tr 

tr 

tr 

tr 

tr 

AP 

- 

- 

- 

- 

- 

- 

tr 

Sph 

0.2 

0.3 

0.5 

0.5 

1 

- 

tr 

Lx 

0.2 

0.1 

0.5 

0.5 

1 

tr 

- 

Mag 

0.2 

- 

0.5 

0.1 

- 

1 

2 

Hem 

tr 

tr 

0.1 

0.2 

0.1 

- 

- 

Py 

0.2 

0.5 

0.1 

0.5 

- 

- 

- 

TOTAL 

- 

100.1 

99.7 

100.5 

100.1 

100.0 

100.0 

Si02 

64.86 

64.50 

66.25 

68.60 

67.24 

70.00 

60.99 

Ti02 

0.50 

0.53 

0.60 

0.39 

0.63 

0.72 

1.87 

Al2°3 

13.83 

13.59 

15.20 

14.49 

13.54 

15.75 

11.33 

Fe2°3 

5.34 

6.05 

4.38 

4.10 

5.40 

7.30 

10.21 

MnO 

.074 

.062 

.058 

.058 

.072 

.033 

.111 

MgO 

3.85 

3.24 

1.92 

2.03 

2.53 

1.72 

1.92 

CaO 

2.00 

1.47 

1.46 

1.39 

1.59 

0.27 

2.31 

k2o 

3.22 

2.78 

5.22 

4.73 

3.71 

3.68 

2.90 

Rb 

199 

227 

201 

178 

200 

98 

164 

Sr 

207 

162 

215 

195 

184 

42 

164 

TOTAL 

92.72 

92.22 

95.09 

95.79 

94.71 

99.67 

91.64 
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TABLE  38 


MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  XIV,  BAYONET  LAKE 


o  c 

C  QJ 

(j 

£ 


1  8. 
0 


•  wmm 

i 


l 


a 


XlV-a 

XIV-b 

XIV-c  XIV- 

d  XIV- 

■e  XlV-f 

Q 

15 

32 

23 

25 

20 

25 

KFp 

30 

30 

1 

15 

30 

PI 

40 

35 

70 

65 

29 

40 

Bio 

tr 

— 

-  - 

15 

4 

Chi 

10 

0.5 

3 

8 

tr 

1 

Mu 

1 

tr 

- 

20 

- 

Ep 

1 

tr 

tr 

tr 

tr 

Zr 

tr 

tr 

tr 

tr 

tr 

tr 

Ap 

tr 

tr 

tr 

tr 

- 

tr 

Al 

- 

tr 

tr 

tr 

- 

Sph 

- 

tr 

tr 

- 

- 

Lx 

- 

- 

tr 

0.3 

- 

- 

Mag 

0.2 

0.2 

tr 

tr 

tr 

0.5 

Hem 

2 

2 

4 

0.2 

1 

tr 

Py 

- 

tr 

-  - 

- 

- 

TOTAL 

99.2 

99.7 

100.0 

99.5 

100.0 

100.5 

sio2 

63.65 

73.02 

73.58 

71.65 

67.80 

75.57 

Ti02 

0.67 

0.11 

0.29 

0.50 

0.53 

0.29 

Al2°3 

16.23 

15.20 

13.22 

12.91 

13.70 

13.76 

Fe2°3 

4.57 

1.05 

2.66 

3.41 

4.94 

1.76 

MnO 

.082 

.028 

.019 

.035 

.076 

.026 

MgO 

1.82 

0.51 

0.81 

2.53 

2.03 

0.51 

CaO 

2.04 

0.71 

0.36 

0.64 

1.57 

0.96 

k2o 

4.55 

6.40 

0.40 

0.47 

4.55 

5.81 

Rb 

152 

196 

174 

178 

Sr 

411 

501 

68 

108 

197 

108 

TOTAL 

93.61 

97.03 

91.34 

92.15 

95.20 

98.69 

m 

•„v 
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CHEMISTRY  (X-ray  fluorescence)  MINERALOGY  (estimated  percentages) 
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TABLE  39 

MINERALOGY  AND  CHEMISTRY  OF  SAMPLES  FROM 
AREA  XV,  BAYONET  LAKE 


XV-a 

XV-b 

XV-c 

XV-d 

XV-e 

XV-f 

XV-g 

Q 

20 

20 

15 

25 

20 

20 

15 

KFp 

20 

7 

25 

5 

20 

10 

10 

PI 

30 

50 

32 

40 

32 

40 

40 

Hbl  +  Di 

— 

— 

— 

— 

— 

6 

15 

Bio 

8 

15 

15 

20 

20 

20 

15 

Chi 

15 

1 

5 

tr 

1 

- 

3 

Mu 

2 

4 

5 

10 

5 

tr 

- 

Ep 

5 

3 

3 

0.2 

2 

4 

2 

Cal 

tr 

tr 

tr 

tr 

- 

tr 

- 

Zr 

tr 

tr 

tr 

tr 

— 

tr 

— 

Ap 

tr 

tr 

tr 

tr 

tr 

tr 

- 

Al 

- 

tr 

tr 

- 

- 

- 

- 

Sph 

0.3 

- 

tr 

- 

- 

- 

- 

Lx 

0.2 

- 

tr 

- 

tr 

- 

- 

Mag 

tr 

- 

- 

- 

- 

tr 

tr 

Hem 

tr 

tr 

tr 

0.5 

0.2 

tr 

tr 

Py 

— 

tr 

— 

tr 

— 

0.1 

0.5 

TOTAL 

100.5 

100.0 

100.0 

100.7 

100.2 

100.1 

100.5 

sio2 

65.22 

65.22 

t/> 

<D 

"O 

Ti02 

0,48 

0.31 

•  — 

X 

o 

Al2°3 

13.89 

17.57 

1— 

o 

c 

c 

Fe2^3 

4.04 

2.33 

•  — 

E 

<D 

O 

MnO 

.065 

.046 

“O 

c 

o 

>_ 

<D 

Q_ 

MgO 

1.42 

1.22 

1— 

o_ 

CaO 

2.72 

3.62 

o 

k2o 

4.72 

2.71 

<D 

U 

E 

Rb 

164 

116 

a 

i— 

i— 

Q- 

Ql 

Sr 

516 

525 

67.86 

69.09 

70.44 

64.34 

64.14 

0.43 

0.50 

0.54 

0.57 

0.58 

15.92 

13.41 

13.47 

12.34 

13.67 

2.98 

4.88 

4.56 

6.05 

5.20 

.046 

.073 

.065 

.112 

.083 

1.01 

1.92 

2.53 

5.06 

3.24 

2.30 

1.99 

1.74 

3.34 

4.95 

5.32 

3.80 

4.29 

3.91 

3.44 

155 

184 

206 

140 

116 

353 

197 

212 

337 

402 

TOTAL  92.56  93.03  95.87  95.66  97.64  95.72  95.30 
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APPENDIX  B 


X-RAY  FLUORESCENCE  ANALYSIS: 


Technique 

Operating  conditions 

Chemical  analyses  of  calibration  standards 
Standard  deviation  and  precision 

Comparison  of  X-ray  Fluorescence  and  wet  chemical  analyses 
Calibration  curves 
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Technique 

X-ray  fluorescence  equipment  was  used  to  determine  the  major  and  minor 
oxides  SiC^,  TiC^,  A^O^,  Fe2C>2,  MnO,  MgO,  CaO,  and  I^O,  and  the  trace 
elements  Rb  and  Sr.  Only  Na20,  ^^5'  an<^  ^oss  on  '9n'*'on  are  lacking  for  a 
normal  silicate  rock  analysis. 

About  2  ml  of  rock  powder  with  a  small  amount  of  cellulose  powder  (about 
40:1  dilut  ion)  added  ror  binding  strength,  were  blended  for  10  minutes  in  a  Pica 
Blender.  The  blended  powders  were  pressed  at  15,000  p.s.i.  into  briquettes  backed 
and  rimmed  with  cellulose. 

Measurements  were  made  with  a  Norelco  Type  12215/0  unit,  using  Cr,  W, 
and  Mo  radiation  sources.  The  operating  conditions  for  measurement  of  each  chemical 
constituent  are  shown  in  Table  40. 

Briquettes  of  3  unknowns  and  a  single  standard  were  placed  in  the  sample 
holder.  Continued  use  of  the  standard  with  each  new  group  of  3  unknowns  served  to 
detect  instrument  drift  where  a  large  number  of  samples  were  involved.  The  count  on 
the  K  alpha  peak  and  background  position  of  each  element' were  measured  in  turn  for 
10  seconds,  and  the  difference  in  the  two  readings  provided  a  measure  of  the  chemical 
constituent. 

The  conversion  of  counting  rate  to  weight  per  cent  was  accomplished  using 
calibration  curves  (Figures  22  to  29)  for  each  element,  with  the  major  and  minor 
elements  reported  as  oxides.  '^The  chemical  analyses  (Table  41)  used  in  the  construc¬ 
tion  of  these  calibration  curves  represent  rocks  petrologically  similar  to  the  study 
samples.  These  range  in  composition  from  intermediate  to  acid  with  the  exception 
of  W-1,  which  is  basic.  The  conversion  of  Rb  and  Sr  counting  rates  to  parts  per  mill¬ 
ion  was  accomplished  using  the  matrix  correction  method  of  Reynolds  (1963).  Here, 
the  unknown  is  corrected  for  variation  in  mass  absorption  relative  to  G-l  by  the  count¬ 
ing  rate  on  the  Compton  peak.  G-l  has  220  ppm  Rb,  and  250  ppm  Sr  (Fleischer  and 
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Stevens,  1961). 

The  standard  deviation  and  precision  (Table  42)  of  each  chemical  constituent 
were  calculated  from  a  series  of  six  measurements  made  on  the  "running"  standard  foll¬ 
owing  every  three  unknown  samples  from  area  XII. 

Comparison  of  X-ray  fluorescence  analyses  with  chemical  analyses  is  shown 
in  Table  43,  and  percentage  differences  are  indicated. 
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TABLE  40.  OPERATING  CONDITIONS  FOR  X-RAY  FLUORESCENCE  ANALYSES 
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TABLE  41 .  CHEMICAL  ANALYSES  USED  FOR  CALIBRATION  CURVES 
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TABLE  42.  STANDARD  DEVIATION  AND  PRECISION  FOR 
X-RAY  FLUORESCENCE  ANALYSES* 


Constituent 

Standard 

Amount 

Present 

Standard 

Deviation 

Precision 

sio2 

G-l 

72 . 48  % 

+0.63  % 

+0.87  % 

Ti02 

W-l 

1.08 

0.002 

0.19 

Al2°3 

G-l 

14.20 

0.05 

0.51 

CO 

o 

CN 

a) 

u_ 

32 

3.06 

0.009 

0.30 

MnO 

W-l 

0.161 

0.001 

0.65 

MgO 

W-l 

6.59 

0.24 

3.60 

CaO 

W-l 

10.98 

0.04 

0.32 

k2o 

G-l 

5.52 

0.018 

0.32 

Rb 

G-l 

220  ppm 

3  ppm 

1.36 

Sr 

G-l 

250  ppm 

2  ppm 

0.97 

*  Standard  deviation  and  precision  for  each  constituent  are  calculated 
from  a  series  of  six  measurements  made  on  a  standard  sample  following 
every  three  unknown  samples. 
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TABLE  43.  COMPARISON  OF  X-RAY  FLUORESCENCE  DATA  WITH  CHEMICAL  ANALYSES 


67 

(My Ionite  O) 

85 

(My Ionite  L) 

Chem . 

X.R.F. 

%  Diff. 

Chem . 

X.R.F. 

%  Diff. 

sio2 

70.26 

69.71 

-  0.36 

71.91 

72.50 

+  0.82 

Ti02 

0.31 

0.31 

0.00 

0.31 

0.35 

12.90 

Al2°3 

14.86 

14.88 

+  0.14 

14.40 

14.30 

-  0.69 

Fe2°3 

2.11 

2.37 

+12.32 

1.91 

2.12 

+11.00 

MnO 

0.04 

0.034 

+ 

0.03 

0.028 

+ 

MgO 

0.88 

0.81 

-  7.95 

0.82 

0.71 

-13.42 

CaO 

1.57 

1.03 

-34.39 

1.37 

1.10 

-19.71 

Na20 

3.94 

- 

2.91 

- 

k2o 

3.69 

3.50 

-  5.15 

5.22 

5.22 

0.00 

L.O.I. 

1.05 

- 

1.01 

- 

P2°5 

0.11 

- 

0.13 

- 

Total 

98.82 

92.64 

- 

100.02 

96.35 

- 

94 

(Hornblende  cataclasite) 

66.95 

64.86 

-  3.12 

0.21 

0.22 

+  4.76 

17.28 

16.20 

-  7.41 

2.26 

2.42 

+  7.08 

0.08 

0.078 

+ 

1.09 

1.01 

-  7.34 

3.84 

3.55 

-  7.55 

5.09 

- 

2.41 

2.15 

-10.79 

0.69 

- 

,  0.09 

- 

99.99 

90.49 

- 

89 

(Foliated  hornblende  granite) 

Si02 

74.37 

74.44 

+  0.09 

Ti02 

0.26 

0.25 

-  3.85 

AI^O^ 

11.42 

11.21 

-  1.84 

Fe203 

3.98 

3.94 

-  1.00 

MnO 

0.05 

0.046 

+ 

MgO 

0.30 

0.10 

-66.67 

CaO 

1.43 

1.15 

-21.18 

Na20 

2.51 

- 

k2o 

4.55 

4.20 

-  7.69 

L.O.I. 

0.26 

- 

P2°5 

- 

- 

Total 

99.13 

95.34 

- 
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.I.O.J 

- 

8f  .99 

oi oo  fbr>9<dtiTQH) 

88.0 

rs.o 
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80  A  + 

s».s 

68.8 

880  0 

80.0 

90. e 

98.  or- 

96.0 

- 

9*  .09 
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TABLE  43  (Continued) 


127 

(Granite  F) 

133 

(Granite  F) 

Chem . 

X.R.F. 

%  Diff. 

Chem. 

X.R.F. 

%  Diff. 

sio2 

67.95 

70.13 

+  3.21 

69.94 

- 

Ti02 

0.50 

0.41 

-18.00 

0.44 

0.43 

-  2.27 

Al2°3 

15.51 

14.02 

-  9.61 

14.37 

- 

Fe203 

4.28 

3.63 

-15.19 

3.35 

3.59 

+  7.16 

MnO 

0.07 

0.061 

+ 

0.05 

0.052 

+ 

MgO 

1.39 

2.13 

+53.24 

1.01 

- 

CaO 

2.30 

2.90 

+26.09 

1.75 

- 

Na20 

3.05 

- 

3.01 

- 

K^O 

2.93 

3.42 

+17.41 

3.82 

4.00 

+  2.09 

L.O.I. 

1.16 

- 

0.78 

- 

P2°5 

0.12 

- 

0.16 

- 

i  Total 

99.28 

96.70 

- 

- 

98.84 

- 

150 

(Grey  hornblende  granite) 

Si02 

66.16 

68.47 

+  3.49 

Ti02 

0.23 

0.24 

+  4.35 

Al2°3 

17.14 

16.62 

-  3.03 

P*2°3 

2.26 

2.38 

+  5.31 

MnO 

0.09 

- 

MgO 

1.06 

0.71 

-33.02 

CaO 

3.60 

3.26 

-  9.44 

Na20 

5.29 

- 

K^O 

2.53 

2.53 

0.00 

L.O.I. 

0.37 

— 

P2°5 

0.11 

— 

Total 

98.84 

94.30 

— 

Abbreviations 

Chem.  =  Chemical  analysis 

X.R.F.  =  X-ray  Fluorescence 
analysis 

Diff.  =  Difference 
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Fig-22.X-Ray  fluorescence  calibration  curve  for  SiC>2 
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Fig-23-  X-Ray  fluorescence  calibration  curve  for  Ti02 
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Fig. 25.  X-Ray  fluorescence  calibration  curve  for  Fe2  O3 
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Fig.2~^  X-Ray  fluorescence  calibration  curve  for  MgO 
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THE  LOWER  LIMIT  OF  GRAIN  SIZE  IN  MODAL  ANALYSIS 
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The  Lower  Limit  of  Grain  Size  in  Modal  Analysis 

Quantitative  modal  analysis  of  finely  crushed  rocks  is  difficult  and  common¬ 
ly  impossible.  As  the  matrix  grain  size  approaches  the  thickness  of  the  rock  slice  in 
thin  section  (0.03  mm)  or  smaller,  it  becomes  increasingly  difficult  to  confine  ob¬ 
servations  to  the  upper  surface  of  the  rock  slice,  and  grain  contacts  become  diffuse 
due  to  overlap  of  adjacent  grains. 

Chayes  (1956,  pp.  96-100)  experimentally  evaluated  the  errors  in  estimat¬ 
ing  the  volume  of  opaque  spheres  in  a  transparent  medium  by  transmitted  light.  The 
volume  of  opaque  spheres  is  always  overestimated  (Holmes  effect),  and  the  error  in¬ 
creases  with  decreasing  radius  of  the  opaque  spheres.  However,  samples  from  the 
study  area  have  only  accessory  amounts  of  opaque  minerals,  so  that  the  Holmes  effect 
is  not  an  important  consideration. 

Elliott  (1952)  discusses  fine-grained  rocks  containing  transparent  minerals  of 
contrasting  relief  and  inclined  grain  contacts,  thereby  giving  rise  to  a  "super¬ 
position  error".  This  error  is  relevant  in  the  study  of  cataclastic  rocks,  and  the  use  of 
untreated  thin  sections  introduces  a  systematic  bias  in  the  volume  estimation  of  the 
major  minerals.  However,  the  error  can  be  diminished  by:  - 

(i)  the  use  of  thin  sections  about  0.02  mm  thick  which  decreases  the  overlap  effect 
of  adjacent  grains, 

(ii)  a  strong  hydrofluoric  acid  etch  which  frosts  the  feldspars  and  helps  to  restrict  ob¬ 
servations  to  the  upper  surface  of  the  rock  section,  and 

(iii)  sodium  cobaltinitrite  staining  of  potash  feldspar  which  also  is  a  surface  feature  that 
aids  in  restricting  observations  to  the  upper  surface  of  the  rock  slice. 

In  this  thesis,  it  was  found  that  point  counting  on  treated  thin  sections  of 
standard  rock  specimens  became  extremely  difficult  where  the  average  matrix  grain  size 
was  less  than  about  0.03  mm.  In  such  cases,  a  supplementary  thin  section  with  a  strong¬ 
er  hydrofluoric  acid  treatment  was  prepared,  and  a  visual  estimate  made  of  the  minerals. 
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Where  the  average  matrix  grain  size  was  about  0.01  mm  and  less,  the  contacts  of 
adjoining  grains  became  so  diffuse  that  even  volume  estimates  of  minerals  was  too 
inaccurate. 
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Scale:  Two  Inches  lo  One 


PRECAMBRIAN 


Quartzite  n lire  and  impure,  i virile,  fm/,  green,  pink  and  blue;  including 
^ /dollic  seriate  M  minor  milky  quartz  pod*,  feldspar  ougen,  grange 
ami  pegmatite  lenses,  ferruginous  nnd  garnettferous  cone*. 


Biotile  schist,  ’Lilli  abundant  quartz,  some  sericile;  including  phylUte, 

phylhmite.  quartzite,  minor  milky  quartz  pods.  feldspar  ougen.  grange  and 
pegmatite  lenses,  ferruginous  i 


I  gametifrrous  zon 


Biotite  granite  F,  with  white  to  grey  subhcdral  to  euhedral  feldspar 
mcgacrysts.  one  lo  four  inches  in  size,  averaging  two  inches,  in  a 
ciHlrrc-graincil,  massive  matrix  of  quartz,  feldspar  and  biotite; 
including  minor  aplile  and  pegmatite. 

Biotite  granite  gneiss,  with  some  hornblende,  chlorite,  megaerystic  fcldsitar 
phases:  including  minor  massive  to  foliated  granite  -  some 
megacnjxtic,  granmlioritc,  alaskite,  lenses  of  biotite,  quart  ate, 
amphibolite:  gumetiferous  zones. 

Hornblende  granite  gneiss,  with  some  biotite,  chlorite,  megaerystic  feldspar 
phases:  including  minor  massive  to  foliated  granite  -  some  megaerystic, 


amphibolite,  homblcndite;  mainly  massive. 


\m;hi»w/, 

i/^ii 


Biotite  V  granite,  with  white  to  pink  to  red  abundant  feldspar  mcgacrysts 
one-quarter  inch  in  size,  minor  sericile;  in  medium-grained,  massive 
lo  foliated  matrix  of  biotite,  feldspar  and  quartz. 

Raisin  granite,  mottled,  with  abundant  white  to  red,  rounded,  feldspars 
one-teigli  lo  one-quarter  inch  in  size,  in  a  sheared  green  chloritic 
foliated  matrix  with  lenticular  quartz  and  mica;  rare  white  to  pink 
feldspar  an  gen  up  lo  one-lialf  inch  in  size. 

Arch  Like  granite,  with  white  to  pink  subhcdral  elongate  feldspar 

momirniftx  from  one-half  to  one  inch  in  size  subporallcl  aligned,  in 
foliated  matrix  of  blue  quartz,  biotite 


Lencocmtic  granite,  with  pink  to  red  anhcdral  feldspars,  cquigranular; 

massive,  locally  foliated;  including  minor  micrograniie  and  pegmatite. 


_ 


Foliated  hornblende  granite,  pink  to  grey,  with  pink  fcldsjyar,  quartz, 
and  streaky  patches  of  hornblende  aggregates;  texture  cquigranular, 
medium-  lo  coarse-grained,  typically  foliated. 

■ystallizetl  norphyroclastic  hornblende  caiaclasitc,  light  greyish-green, 
with  hornblende  porphyroclasts  up  to  one-tenth  inch  in  size, 
and  local  fchlsjrar  porphyroclasts  from  one-half  to  three-quarters 
inch  in  size  in  a  crushed,  foliated,  fine-grained  matrix,  some 
indistinct  handing.  Locally  mixed  with  and  transitional  to  minor 
grey  hornblende  granite,  (sec  legend  map  65-6F). 

Recrystallized  mylonite  K,  light  colored,  with  minor  white  to  pink 
feldspar  poqrhyroclasts,  one-quarter  to  three-quarters  inch  in  size, 
constituting  up  lo  2  per  cent  of  rock,  in  a  foliated,  finely  banded, 
aphanitic  matrix;  including  recrystallizcd  mylonites  L,  M,  N,  and  O. 

Recrystallized  mylonite  L,  light  colored,  with  white  to  pink  feldspar 
porphyroclasts,  one-quarter  to  three-quarters  inch  in  size, 
constituting  about  5  per  cent  of  rock,  in  a  foliated,  finely  banded, 
aphanitic  matrix;  including  rccrystallized  mylonites  K,  M,  N,  and  Q 

Recrystallizcd  mylonite  M,  dark  colored,  with  white  to  pink  feldspar 

porphyroclasts,  one-quarter  to  three-quarters  inch  in  size,  constituting 
about  5  per  cent  of  rock,  in  a  foliated,  finely  banded,  aphanitic  matrix; 
including  recrystallizcd  mylonites  K.  L,  N,  and  O. 

Recrystallizcd  mylonite  N,  green  to  black,  schistose  to  slaty,  with  biotite, 
sericitc,  anti  some  chlorite;  feldspar  end  minor  quartz  porphyroclasts 
in  a  foliated,  finely  banded,  aphanitic  matrix;  Including  minor 
recrystallizcd  mylonite  O. 

Recrystallizcd  mylonite  O,  green  to  black,  siliceous,  with  biotite,  chlorite, 
sericile,  and  minor  feldspar  porpliuroclasts  in  a  banded,  aphanitic 
— <->- . ’ . .  i  including  minor  rccrystallized  mylonite  N. 


Recrystallizcd  mylonite  P,  dark  colored,  with  white  to  grey  anhcdral 
porphyroclasts  and  euhedral  feldspar  porphyroblasts.  one-half  to 
two  inches  in  size,  foliated,  locally  gneiaose,  in  an  ap/ianlHc  locally 
medium- grained,  matrix;  including  minor  uplttc  nnd  pegmatite. 


matrix;  massive  t 


Basic  dyke,  massive,  locally  sheared  with  chlorite, 
ts  arc  not  arranged  chronologically. 


* Note :  Rock  u 

Geological  boundary  (defined,  approximate,  assumed) 
Schistosity,  gneissosity,  foliation  (defined,  dip  known, 

dip  vertical;  assumed)  _ 

Uneat  Ion  (plunge  known) _ 

Extreme  contortion  (structural  trend)  _ 

Tight  folds  (structural  trend) _ _ _ 

Fault  (defined,  approximate,  assumed)  _  _ 

Mylonite _ _ 

Quartz  vein _ _ _ ; _ 

Joint  (dip  known,  unkown) _ 

Sample  location _ _ 

Clacial  striae  (direction  of  ice  movement  known)  _ 

Radioactivity _ 

Chlorite,  abundant  ... _ _ _ 

P.pldnte,  abundant 

Hornblende  _ 

Graphite  _ _ _ _ _ 

Magnetite _ 


Drainage  (permanent,  intermittent)  _ 
Muskeg _ _ 

Sand-covered  area _ 

Sand-  and  boulder-covered  area 

Provincial  boundary _ _ 

Township  boundary  . . . 

Section  line _ _ 

Cabin _ 


Base  maps  compiled  from  planimetric  sheets  7<t—NW.  and  74^-NE.  published 
hy  Government  of  Alberta,  Department  of  Lands  and  Forests,  Edmonton. 

Air  photographs  covering  tlm  area  are  obtainable  from  the  Technical  Division 
Wov  nd'a  °LL?nd‘  Vf  El  ■  Cooemment  of  Alberta,  Edmonton,  and  the 
National  Air  Photographic  Library,  Topographical  Survey,  Ottawa. 

Approximate  magnetic  declination  55*  4&  East  in  1965.  decreasing  s'  annually. 
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LEGEND 


PRECAMBRIAN* 


Quartzite,  pure  awl  impure,  while,  grew,  green,  pink  and  blue;  Including 
biolile  sericite  schist.  minor  milky  quart:  j  tods.  Idd.qtar  an  gen.  granite 
and  pegmatite  lenses,  lentiginous  and  gametiferous  zones. 


Biotitc  schist,  with  abundant  quart:,  sc 
pliyllonile.  quartzite,  minor  milky  at 
pegmatite  lenses,  ferruginous  and 


me  sericite,  including  phyllite, 
i art:  pods,  feldspar  augen,  granite  anrl 
gametiferous  vines. 


Biotitc  granite  F.  with  white  to  grey  suhltedral  to  euhcdral  fchlspar 
megacrysts,  one  to  four  inches  in  tire,  averaging  two  inches,  in  a 
coarse-grained,  massive  matrix  of  quartz,  felthjiar  and  biotitc- 
including  minor  aplltc  anti  pegmatite. 

Biotitc  granite  gneiss,  with  some  hornblende,  chlorite,  megacrystic  feldspar 
phases ;  Including  minor  massive  to  foliated  granite  -  some 
megacrystic.  granorltorlte,  aluskitc,  lenses  of  biotile,  quartzite, 
amphibolite-  gametiferous  zones. 


Hornblende  granite  gneiss,  with  some  biotitc,  chlorite,  megacrystic  feldspar 
phases;  Including  minor  massive  to  foliated  granite  -  some  megacrystic, 
granodioritc  and  amphibolite. 


I  Amphibolite,  Including  biotitc  amphibolite,  liomblcndlte.  mainly  massive, 
little  banded.  Feldspar  -  rich  type  F. 


gg  PI  y'l  p,: 


BiotHe  'q'  granite,  with  white  to  pink  to  red  abundant  feldspar  megacrysts 
one-quarter  inch  in  sire,  minor  sericitc;  in  medium-grained,  massioa 
to  foliated  matrix  of  biotitc,  feldspar  and  quartz. 


Arch  Lake  granite,  with  white  to  pink  subhedrol  elongate  fcldsjMr 

megacrysts  from  one-half  to  one  inch  in  size  ssd>parallcl  aligned,  in 
a  medium-grained,  streaky  to  foliated  matrix  of  blue  quartz,  biotitc 
and  feldspar. 


IXv-/  \  /,N  A 


Lcucocratic  granite,  wilh  pink  to  red  anhrdral  fcldsjiiirs.  cqulgranular; 

massive,  locally  foliated;  including  minor  microgranite  and  pegmatite. 


ijr ' 

Xvv/^ 


Granitic  material,  biotitc-  and  muscovite-granite  and  pegmatite,  some 
lcucocratic  phases.  Intermixed  with  host  rock;  typically  massive, 
generally  cquigranular. 


- — -  Grey  hornblende  granite,  buff  to  grey,  with  dark  specks  of  hornblende 

'  and  local  fcldsjrar  porphymclasts  from  one-quarter  to  one-lialf  inch 

In  size  in  a  quartz-feldspar  matrix;  texture  fine  to  mcilium  grained, 
nusxsive  to  slightly  foliated  Locally  mixed  uit/i  and  gradational  to 
'  -  recryslallized  porphyroclasiic  hornblende  cataclasite. 

- i — i — ri  Rcerystallized  porphyroclastic  hornblende  cataclasite,  light  greyish-green,  with 

•  •  •  hornblende  porphyrodasts  up  to  one-tenth  inch  in  size,  arid  local  feldspar 

*  *  *  ■  *  porphyrodasts  from  one-lialf  to  three-quarters  inch  in  size,  in  a  crushed, 

f  *  ,  ,  t  foliated,  fine-grained  matrix,  some  indistinct  banding.  Locally  mixed  with 

J  *  and  transitional  to  minor  grey  hornblende  granite. 


\  y  \  d  Rcerystallized  mylonitc  K,  light  colored,  with  minor  white  to  pink 

/ VVV]  feldsfiar  porphyrodasts,  onc-quarter  to  three-quarters  inch  in  size, 

^  v  ^  \  ^  V/,'J  constituting  up  to  2  per  cent  of  rock,  in  a  f dialed ,  finely  bamled, 

K  r J  aphonitlc  matrix;  induding  rcerystallized  mylonilcs  L,  M,  N,  and  O. 


/dVo\'d>'o 

q)  ro);oVQ); 


Recrystallized  mylonitc  L,  light  colored,  with  white  to  pink  feldspar 
lx>n>hyrodasls,  one-quarter  to  three-quarters  inch  In  size, 
constituting  about  5  per  cent  of  rock,  in  a  foliated,  finely  banded, 
aphonitlc  matrix;  Induding  recrystallized  mi/lonitcs  K,  M.  N,  and  O. 


ir.O/voy/I/’'il  Recrystalliird  mylonitc  1*.  dork  colored,  with  while  to  grey  anhrdral 
VV  \V  \°/  porphyrodasts  and  culudral  feldspar  porphyroblasts .  onc-liall  to 

nV.'J  ties'  inches  in  size,  foliated,  locally  gneissose.  in  an  aphanilic  locally 

a  .-.fl  i-.ti  .  .  n  J  medium-grained,  matrix;  induding  minor  aplltc  and  pegmatite. 


'Mote:  Pock  units  ore  not  arranged  chronologically. 


Ceological  boundary  (defined,  approximate)  .  — 

Scbistosity,  gneissosity,  foliation  (defined,  dip  known, 

dip  vertical;  assumed) 


Extreme  contortion  (structural  trend)  — - - — 

_ u 

_ ^ 

Prerrln 

V  t 

Comet 

Eptdote,  abundant  . . 

Hornblende 

Magnetite  _  M 

ecology  by  John  D.  Codfrcy,  1958,  I960.  1961;  Ashton  Lake  District. 

Ccology  by  John  D.  Codfrcy  and  Roy  Y.  Wotanabe,  1961;  Charles  Lake  Central  District. 

Drainage  (permanent,  intermittent)  _ _ _ ^ - 

Muskeg - - - - "A— "a- 

Sand -covered  area  _ _ _  _  'J-  , 

Sand-  and  boulder-covered  area  _ _ 

Township  boundary _ _ 

Section  line  _ _ _  _ 


©S  -i  O'  n  -a -nr 


Bose  maps  compiled  from  planimelric  sheets  7 and  74j^E.,  published 
by  Government  of  Alberta,  Department  of  Lands  and  Forests.  Edmonton. 

Air  photographs  covering  this  area  arc  obtainable  from  the  Technical  Division. 
DcpartmctU  of  Lands  and  Forests.  Government  of  Alberta,  Edmonton,  and  the 
National  Air  Photographic  Library,  Topographical  Survey,  Ottawa, 

Approximate  magnetic  declination  25“  i</  East  in  1965,  decreasing  (/  annually 
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Mops  to  Accompany  Preliminary  Report  65-6 


MAP  65-6D 


MAP  65 -6C 


CHARLES  LAKE,  CENTRAL 

WEST  OF  FOURTH  MERIDIAN 

Scole:Two  Inches  to  One  Mile: — ! — 


ASHTON  LAKE  DISTRICT 

WEST  OF  FOURTH  MERIDIAN 

Scale  :  Two  Inches  to  One  Mile:  ^  ^B~ 


precambrian’ 


LEGEND 


I  OuiniJIr.  irure  and  Impure.  .chile .  Kiev.  gmm.  pink  ml  blue;  Including 
hhaite  I  crime  schist.  miner  milky  quartz  ;»«/•.  fehhpar  nugen,  granite 
em!  iregmatire  tense r,  f erruginous  oral  gamclifrTOu,  ana 


tome  ssrtcite .  including  pliylltle, 
rjuartz  pods,  feMsiurr  augtn.  granite 


Bkitfto  sr.inilr  F.  ullh  uhilc  to  grey  subhedral  to  euhedral  feldspar 
mcgncrystl,  ,mr  lo  four  inches  In  size,  averaging  tuy  inches.  in  a 

Including  minor  apltlc  and  irrgmatite . 

Biollic  Itr.mltc  frau\  ullh  tome  hornblende,  chlorite,  snegaerystic  feldspar 
/Jiao ».  including :  rniiwr  ^riiamvc  lo  I,  Juried  grunllc  .  ionic 


Homlilcmli'  gr.initi'  Kncixs,  icllli  n 
phiM.t;  Including  minor  niassii 
gmnodiorlle  and  amidllbollte. 


inutile,  chlorite,  megacryslle  Icldsjrar 
il  foliated  granite  -  some  rtiegniqixtic, 


-j  Lcucocratic  Krunitc.  with  pink  lo  red  anhedral  feldiftirs,  ciiuigranutor, 
.  X  i-  ,X  massive,  locally  loltatcd.  Including  minor  mlcrvgranllc  and  pegou 


generally  equigranubr . 

Grey  hornblende  prnillc,  huff  to  grey,  with  dark  specks  of  hornblende 
and  local  feldspar  poqdtyroclastt  from  one-Quaner  lo  one-half  inch 
in  size  in  a  quartz-fehlstrar  matsix;  texture  fine  to  m/dhim  grained, 
massive  Jo  dightly^  foliated,  Locally  mixed  uith^atul  gradational  to 

Rcvrystnllhed  parphyroebdic  bomhleniic  cat-icLsilc.  light  grcyixh-gwen,  with 
trorjrhyroclasts  from  one-half  to  three -quarter,  inch  m  size.  In  a  crudied, 
foliated,  linc-grumcd  malm,  some  Iniinltnet  Itanillng,  locally  mixed  Ullh 
and  tnmrithmal  to  minor  grey  hornblende  granite. 

Rcciyjl.illiail  Inylonile  K,  light  colored,  tcilh  minor  while  lo  pink 

fchbirar  ir.rrirhynKla.lt.  rme-riuarter  to  three-quarters  inch  in  size, 
ermslilltling  up  lo  2  per  cent  o)  rod,  in  a  foliated,  finely  Inmdcd, 
cplumilic  matris,  including  rccrystalllzed  mylonllct  L.  M,  N.  and  O. 

RccrysUlliscd  Iiiylomrc  L  Bglrt  colored,  with  uhilc  to  pink  feldspar 
jmrtyJrt/nrc/asls,  one-quarter  to  three-quarten  inct.  In  size. 
eonrSUutlng  alnrut  S  iter  cent  of  rock,  in  a  foliated,  finely  banded. 


I  n«ry*fciUired  melon  iff  M.  dark  calami,  i. 
alrout  5  per  rent  of  rock,  in  a  foliaterl. 
including  rccnjxtaUlzcd  mylun 

RccryrtAllired  mylonitc  X,  I 


li  I chile  to  pink  feldspar 


finely  barultrd.  aplumitlc  moths: 


rcl  myloi . „ . — ,  . 

-  and  some  chlorite ;  feldspar  and  n 

a  foliated,  finely  barulcd,  aphanitic  mu 


<se  to  slaty,  with  IriotUe, 


RecryitaDizcd  mylonitc  O.  green  to  black,  siliceous,  to Oh  biotile,  chlorite, 
reriefr,  anti  minor  Irhlqtar  pnrjshynrelasts  in  a  Iran. Inf  atshanuie 


RccrystuUirrd  myioailc  P,  dork  colored,  with  white  In  grey  anhedral 
poephyroclasts  and  cuhrdral  feldspar  porphyroblacl..  tmc-hali  to 
I  tier  incites  in  size,  foliated.  Lscally  gneiesosc.  in  an  aplumitic  locally 
medium-groined,  matrix;  including  minor  aplite  anil  pegmatite. 

• Nate :  Rock  units  are  not  arranged  chronologically. 


Ceotogiccl  boundary  I defined ,  approximate ) . 

Schistosity,  gneissotUy.  foliation  (defined,  dip  known,  t 
Uncatlon 

Extreme  contortion  f structural  trend ) 

Tight  folds  I structural  trend )  - 

Fault  (defined,  approximate,  assumed) _  _  —  _ 

Mylonilc  - - - - 

Sample  location 

Clacial  striae  (direction  at  lee  movement  known) 
Mineral  occurrence  ( orsenopyrite )  . 

Molybdenite _ _ _ .. _ 

Radioactivity  _  _  ...  _  .. _ 

Chlorite ,  abundant 

Epldote.  abundant _ _ _ 

Hornblende 


'  certlcaf  assumed)  lo- 


Sand-  and  bouldrr-vocered  at 

Township  boundary  -  . 

Section  line  .  . . 


Base  maps  compiled  tram  plammrtric  sheet,  7 4^-NW.  and  7-^-NE..  published 
by  Government  of  Alberta.  Department  of  Lands  and  Forests.  Edmonton. 


Air  photogntdis  catering  this  area  are  obtainable  from  the  Technical  Division. 
Department  of  Lands  and  Forests.  Government  of  Alherta.  Edmonton,  and  the 
Actional  Air  Photographic  Library,  Topographical  Survey,  Ottawa. 


Approximate  magnetic  declination  25'  4tf  East  In  1965.  decreasing  &  annually, 
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MAP  65-6E 

POTTS  LAKE  DISTRICT 

WEST  OF  FOURTH  MERIDIAN 

Scolc  :  Two  Inches  lo  One  Mile;  '  ■ 


MAP  65-6F 

CHARLES  LAKE,  SOUTH  DISTRICT 


WEST  OF  FOURTH  MERIDIAN 

Scole:Two  Inches  lo  One  Milec — ! - 
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